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FOREWORD

This annotated bibliography has been prepared to document the literature search conducted as

an initial task for the project of assessing existing test methods for detection of incipient faults in

nuclear power-plant cables. During the project, a low-level activity was maintained to follow the

publication of new papers on the subject. The combined listing is presented in this report, as a

contribution to future work that may be performed by other organizations involved in similar

studies. As a further aid to researchers, the references provided in each of the papers included

in this bibliography have been consolidated in a citations list.

The initial search covered the 1970-1986 period, combining several data bases and incidental

referrals to reports with limited circulation. The motivation of this search, atthe outset of the project,

was to identify any and all test methods reported in the literature that might be applied, refined,

or developed into a test method for in-situ assessment of the cable condition. During the project,

an additional set of papers were reviewed, covering the 1 986-1 990 period. Each paper review is

shown on a separate sheet giving retrieval information, a copy of the author’s abstract, table of

contents or a reviewer’s summary, identification of the technology involved, brief remarks on the

contents and applicability to the subject of in-situ test methods, and identification, if any, of the

criteria and test method(s) used to characterize aging or residual life of the insulation.

These remarks are made from the point of view of applicability to the limited subject of assessing

test methods for in-situ tests in a power plant. Thus, the remarks should not be construed as an

overall, definitive review of the papers. From the paper titles, it might already have been apparent

that the subject would not be in-situ tests; nevertheless, complete copies of the papers were

obtained. For instance, a paper overtly treating radiation effects on insulation materials, not cables

- not an in-situ test - might contain a relevant description of the method applied by the author in

assessing the aging of the insulation and thus provide a lead toward a good candidate method.

Thus, papers identified in the search as potentially relevant, but found upon review not to be, are

stili listed.

This inclusion of not relevant papers is offered to save other workers the unnecessary effort of

acquisition and review of the complete papers, only to find that an apparently attractive title does

not yield a paper relevant to the subject of in-situ tests. Conversely, significant papers may have

been missed in the search, and their absence from this compilation, for which apologies are offered

to their authors, should not be construed as a negative judgment of their significance. A hard

copy of the papers included in this bibliography has been retained at NIST. Researchers involved

in the field are welcome to inquire about obtaining selected copies of the papers that are not

readily available through their own library services.

This report is organized in three sections:

- Alphabetical listing of all the reviewed documents;
- Review of authored papers:

- Consolidated citations.

Contributions to the identification of the papers, the review comments, and organization of the

data were provided by members of the team involved in the NIST project, and funded by the U.S.

Nuclear Regulatory Commission Research Program. This team included, in addition to the

authors, E.F. Kelley, T.F. Leedy, C .D. Martzloff, F.l. Mopsik, R.H. Palm, L.L. Sacchet, J.P. Steiner,

and R.J. Van Brunt. B.F. Field provided an independent review of this bibliography. These
contributions are gratefully acknowledged.

V



NISTIR " 4485



NISTIR-448

SECTION 1

LIST OF REVIEWED PAPERS

A review of papers shown in this list is given in Section 2.
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SECTION 2

REVIEW OF PAPERS

FOR APPLICABILITY

TO

CABLE AGING ASSESSMENT

This section provides a review of papers that appeared a possible source of relevant information during

the initial search. Each paper is allocated one page containing the identification and retrieval information,

the abstract provided by the author or a summary by the reviewer *, and comments made by the reviewer

looking for information applicable to the detection of incipient defects or the effect of aging.

The comments include a description of the technology involved, remarks concerning the contents of the

paper, and listing (if any) of criteria that the authors propose to assess aging as seen through test

procedures. To be of help for a quick scan, the last entry on the page shows applicability to the ultimate

goal of developing in-situ test methods.

This applicability Is considered only within the scope of the cable aging and defect assessment;

researchers involved in broader concerns should not interpret a negative final entry as meaning that the

paper has no value to their own work.

* Permission to reproduce the abstracts was obtained from the pubiisher of papers covered by copyright. Papers

published by U.S. Government agencies, or written by U.S. Government personnel, are not protected by copyright.

For those papers where obtaining a release was not practical, a reviewer’s summary is presented instead of the

author’s abstract.
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Ahmed, S., Carfagno, S.P., and Toman, G.J.

Inspection, Surveillance,and Monitoring of Electrical Equipment Inside Containment of

Nuclear power Plants - with Applications to Electrical Cables

NUREGICR-4257 ORNL/Sub/83-28915-2, Oak Ridge National Laboratory, September 1985. (Initially

published by Franklin Research Center, December 1984)

85 Pages, 37 References

AUTHOR’S ABSTRACT:

The purpose of this report is to describe currently available methodology for determining

the amount and rate of age-related deterioration of safety-related equipment. The goal is

to identify methods of inspection and surveillance of components that are effective in

detecting significant aging and service wear effects prior to loss of safety function, so that

maintenance can be performed in a timely manner to restore the components’ functional

capabilities. The continued capability of a device to be able to function during a design

basis accident is included in the consideration of the extent of deterioration. Section 2 of

the report describes the general concepts of equipment deterioration monitoring. Section

3 provides a discussion of the methodology applicable to electrical cables located inside

containment.

REVIEWS:

Cable monitoring

Remarks :

• A comprehensive report of the subject, including the following topics:

- Overall objectives of monitoring

Description of typical cables (construction and performance)

- Stress and failure mechanics

- Test and inspection methods

• Essentially addresses the same scope as the NIST project.

Criteria for Aging Assessment :

• Lists ten criteria with comments

Application to Cable : Yes
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Al-Hussaini, T.J. and Stoner, J.E., Jr.

On-Going Qualification of Cables in a Pressurized Water Reactor Environment

Proceedings, Nuclear Science Symposium, November 1984.

10 Pages, No references.

AUTHOR’S ABSTRACT:

Oconee Nuclear Station Unit 1 was completed and became operational commercially in

1973. Most of the cables used on this unit were procured and installed during the time

inten/al of 1965 to 1970. During that time period, the requirements for environmental

qualification of power, control and instrumentation cables used in nuclear plants were

nonexistent. Most cable designed and tested in accordance with the requirements of ICEA
(Formally IPCEA) was considered acceptable for use in nuclear plants.

Only a very limited amount of information was available on the sequential and simultaneous

effects of thermal and radiation aging on the cable that was installed in a nuclear reactor

environment. Because of this, Duke Power Company decided to establish an informal

cable life evaluation program in order to be able to assess the effects of the reactor building

environment on various types of cable over the life of the plant.

REVIEWS:

Technology : In situ natural aging

Remarks :

• Describes a test program with 10 years of aging data. Contains test results on

mechanical/electrical parameters of the insulation performed by cable vendors after

removal of samples every five years.

• The 15-year samples are scheduled for fall of 1987; the 10-year samples show no

degradation.

• May be an important source of data for an overall data base. Does not contain

diagnostic NDT methods.

Criteria for Aging Assessment :

• Mechanical properties

• Insulation resistance

• IEEE Std 383-74

Application to Cable : Yes, although not in-situ NDT
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Allen, P.H.G. and Tustin, A.

The Aging process in Electrical Insulation: A Tutorial Summary
IEEE Transactions on Electrical Insulation, Vol. El-7, pp. 153-159, No. 3, September 1972.

6 Pages, 5 References

AUTHOR’S ABSTRACT:

f© IEEE 1972, reproduced with permission from the IEEE publication identified above.)

Calculating the life expectancy of electrical insulation is an interesting application of

Arrhenius’s law. Bussing’s analytical treatment is derived for the simple case of life at

constant temperature. Its extension to variable temperature conditions is explained as is

the application of the same techniques to calculating mechanical failure due to creep and

capacitor failure due to electrode diffusion. Lastly, recently developed techniques for rapid

determination of the hopes of Arrhenius’s-law graphs for insulation life are reviewed.

REVIEWS:

Techncicgy : Review cf thermal aging thecry

Remarks :

• General summary cf the techncicgy state in the early 1970’s

Criteria fcr Aging Assessment:

• Ncne stated, but seems tc imply insulaticn breakdcwn

Application to Cable : Not directly - A broad perspective
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Alsammarae, A.J., Behera, A.K., and Akhtar, S.

An Approach to Calculate Insulation Resistance (IR) at Different Temperatures and
Voltages

IEEE Transactions on Nuclear Science, Vol. 37, No. 2, April 1990.

6 Pages, 7 References

AUTHOR’S ABSTRACT:

f© IEEE 1990, reproduced with permission from the IEEE publication identified above.)

This paper presents analytical methods to determine insulation resistance (IR) for solid

insulation systems at various ambient temperatures and applied voltages. The methods
used are based on trending of the IR at various temperatures and voltages. Experimental

data is used to validate the proposed analytical methods.

REVIEWS:

Technology : Insulation resistance

Remarks :

• Presents a mathematical model of the variation of insulation resistance as a function

of temperature and applied voltage (separately, not in combination).

Criteria for Aging Assessment :

• Trends in insulation resistance changes

Application to Cable : Not directly

(May be useful to apply correction factors to in-situ test results)
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Anderson, W.E., Ramboz, J.D., and Ondrejka, A.R.

The Detection of Incipient Faults in Transmission Cables Using Time Domain
Reflectometry Techniques: Technical Challenges

IEEE Transactions on Power Apparatus and Systems, Vol. PAS-101
,
pp. 1928-1934, No. 7, July 1982.

8 Pages, 3 References

AUTHOR’S ABSTRACT:

(© IEEE 1982, reproduced with permission from the IEEE publication identified above.)

The location and repair of faults in underground transmission lines is a difficult and

time-consuming operation. The Department of Energy has sponsored research in the

development of instrumentation to detect and locate incipient fault sites. Some of these

methods rely on reflectometry techniques in either the time or frequency domain. NBS
has investigated the feasibility of using such methods in extruded polyethylene cables.

REVIEWS:

Technology : TDR

Remarks :

• See more complete documentation of this work in NBSIR 86-3392 by same authors.

Criteria for Aging Assessment :

• Presence of localized defects caused by aging or initial damage

Application to Cable : Yes
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Anderson, W.E., Ramboz, J.D., and Ondrejka, A.R.

Final Report: Technical Contributions to the Development of Incipient Fault

Detection/Location Instrumentation

NBSIR 86-3392, National Bureau of Standards, Gaithersburg, MD, April 1986.

83 Pages, 1 1 References

AUTHOR’S ABSTRACT:

The transmission of electrical energy by use of underground cables is increasing. Fault

location techniques have certain limitations: incipient fault detection and location would

help reduce the maintenance cost of these lines as well as improve the reliability of service.

This report discusses some test results related to RF-probing techniques applied to

high-voltage transmission lines. The high frequency losses and attenuation in high voltage

cables places certain ultimate limitations on RF-probing techniques for incipient fault

detection. Time domain reflectrometry methods were employed to assess the

RF-transmission properties of high-voltage cables at frequencies as high as 6 GHz. Fast

Fourier transform deconvolution was used to obtain loss measurements as a function of

frequency. The loss mechanisms were identified. The measurement hardware and

methods are discussed as well as an analysis approach leading to the conclusions.

REVIEWS:

Technology : Review of three different technologies:

-- Partial discharge noise (see the Weeks papers)

- RF probe techniques (unsuccessful project)

- Acoustic detection of partial discharge in gases (see Harrold papers)

Remarks :

• The work reported in this paper, beyond the review of these technologies,

addresses refinements of time-domain reflectometry.

• Limitations on the TDR method for detecting small lethal defects as opposed to

benign changes are documented in this study.

Criteria for Aging Assessment :

• See the three items listed under "Technology".

Application to Cable : Yes
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Arrighi, R., Ridon, P., Benard, P., and Clausse, L.

Contribution to the Study of the Thermal Environment of Buried Cables
CIGRE Paper 21-06, August 1970.

28 Pages, 1 7 References

REVIEWER’S SUMMARY:

The authors present a review of thermal properties of the soil surrounding buried cables.

From this knowledge, they derive the characteristics required for special backfills which

might be needed instead of natural soil to backfill trenches. The rules for using these

backfills are also presented.

REVIEWS:
Technology : Heat transfer in soil surrounding buried cables

Remarks :

• Addresses thermal environment effects on capacity, not faults.

Criteria for Aging Assessment :

• None

Application to Cable : No
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Artbauer, J. and Griac, J.

Some Factors Preventing the Attrainment of Intrinsic Electric Strength in Polymeric

Insulations

IEEE Transactions on Electrical Insulation, Vol. El-5, pp. 104-112, No. 4, December 1970.

9 Pages, 10 References

AUTHOR’S ABSTRACT:

(© IEEE 1970, reproduced with permission from the IEEE publication identified above.)

While the intrinsic electric strength of polymeric insulating materials is of the order of

hundreds of kilovolts per millimeter, the service stress in actual insulations is lower by

approximately two orders of magnitude. The objective of the work described in this paper

is to establish how much the electric strength of polymers is affected by the following

factors in which there is a difference between measurement of intrinsic electric strength

on one side and stressing of the insulation under service conditions on the other: stressing

with ac or impulse voltage instead of dc, increasing the size of the insulation, and increasing

the duration of stressing, ail in the absence of internal corona. It is found that even with

intrinsic test specimens, in which there are believed to be no discharges, the electric

strength decreases with the area of the test specimen and with the duration of stress. The
formulas of the statistical theory of extreme values are applied to experimental results

obtained on some polymers. If these are used for extrapolation to insulation sizes and
lives typical of actual insulations, a considerable reduction of the breakdown stress results

even in the absence of internal corona.

REVIEWS:

Technology : Dielectric characteristics of material

Remarks :

• Tests to breakdown of molded specimens

Criteria for Aging Assessment :

• Not aimed at aging assessment.

Application to Cable : Not directly
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Aucoin, M. and Russell, B.D.

Detection of Distribution High Impedance Faults Using Burst Noise Signals Near 60 Hz

IEEE Transactions on Power Delivery, Vol. PWRD-2, pp. 342-348, No. 2, April 1987.

7 Pages, 7 References

AUTHOR^S ABSTRACT:

f© IEEE 1987, reproduced with permission from the IEEE publication identified above.)

Previous papers have described a method for the detection of arcing fallen distribution

primary conductor faults using the electrical noise in feeder current above 2 kHz. While

this method provided improved detection of such faults, this high frequency signal often

would not propagate past capacitor banks. In the present paper, we describe a technique

for the identification of arcing high impedance faults using burst noise signals at

frequencies near the power system fundamental and low order harmonics. Arcing

generates non-synchronous burst noise signals which approximate white noise, providing

a signal which can be differentiated from synchronous power system signals in the

frequency bands of interest. The primary advantage of monitoring frequencies near the

fundamental is that this arcing fault signal at low frequencies will exhibit little attenuation

from capacitor banks or other sources. This paper provides preliminary results that arcing

faults can be detected effectively using frequency components below 60 Hz or between

low order harmonics of 60 Hz. The technique is demonstrated through analysis of analog

signals recorded during numerous staged utility downed conductor tests.

REVIEWS:

Technology : High-frequency harmonic analysis of fault currents

Remarks :

• Addresses arcing fault currents in overhead distribution systems with downed
conductors

Criteria for Aging Assessment :

• Not aimed at aging assessment

Application to Cable : Not for incipient defects
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Bahder, G., Garrity, T., and Sosnowski, M.

Physical Model of Electrical Aging and Breakdown of Extruded Polymeric Insulated

Power Cables

IEEE Transactions on Power Apparatus and Systems, Vol. PAS-101, pp. 1379-1388, No. 6, June 1982.

10 Pages, 32 References

AUTHOR’S ABSTRACT:

f© IEEE 1982, reproduced with permission from the IEEE publication identified above.)

This paper postulates a physical nnodel of electric aging and breakdown of polymeric

insulated high voltage cables and substantiates this model with results of tests. In

accordance with the model, scission of molecular chains and formation of craters at

discharging voids are responsible for the electric aging and voltage breakdown of

polymeric insulation.

A method for the rapid determination of threshold voltage by means of voltage breakdown

tests has been developed. These tests indicate that at voltages above the threshold

voltage the breakdown voltage decreases with an increase of time of voltage application.

At voltages below the threshold voltage electric breakdown is not expected.

REVIEWS:

Technology : Partial discharge and breakdown

Remarks :

• Useful as background information.

Criteria for Aging Assessment :

• Not specific for limit

Application to Cable : Yes, but not in-situ test
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Bahder, G., Katz, C., and Lawson, J.

Electrical and Electro-Chemical Treeing Effect in Polyethylene and Crosslinked

Polyethylene Cables

IEEE Transactions on Power Apparatus and Systems PAS-93, May/June 1974.

14 Pages, 21 References

AUTHOR’S ABSTRACT:

f© IEEE 1974, reproduced with permission from the IEEE publication identified above.)

This paper postulates a physical model of electric aging and breakdown of polymeric

insulated high voltage cables and substantiates this model with results of tests. In

accordance with the models, scission of molecular chains and formation of craters at

discharging voids are responsible for the electric aging and voltage breakdown of

polymeric insulation.

A method for the rapid determination of threshold voltage by means of voltage breakdown
tests has been developed. These tests indicate that at voltages above the threshold

voltage the breakdown voltage decreases with an increase of time of voltage application.

At voltages below the threshold voltage electric breakdown is not expected.

REVIEWS:

Technology : Voltage breakdown tests

Remarks :

• Interesting discussion of aging mechanics, with statement that threshold voltage

(as opposed to the inception voltage) of partial discharges is the beginning of the

process.

• Thus, "conventional" partial discharges test methods would be unable to detect

beginning of aging.

Criteria for Aging Assessment :

• In the reported tests, all ultimate proof is done by ac or impulse breakdown.

Application to Cable: Yes, but not non-destructive test
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Bajbor, Z.Z.

Cable Life Expectancy Calculation - A Practical Approach

IEEE Transactions on Electrical Insulation, Vol. El-22 No. 4, August 1987.

3 Pages, 6 References

AUTHOR’S ABSTRACT:

(© IEEE 1987, reproduced with permission from the IEEE publication identified above.)

Cable life expectancy calculations can yield much better results if based on actual, rather

than rated or extreme, load and environmental conditions. Activation energy at 60%
retained relative elongation and realistically assessed service conditions should, in most

cases, result in a 40-year life with sufficient built-in safety margin. A sample calculation

with fluctuating current load and temperature is presented.

REVIEWS:

Technology : Computations based on Arrhenius model.

Remarks :

• Presents a computation based on actual rather than rated environment conditions.

• The method presented for cable life expectancy calculations is limited in that it can

be applied only on a case-by-case basis

• It is a practical tool to demonstrate in a verifiable way adequate cable life expectancy

in most cases when a simplified calculation produces an unacceptably short life.

Criteria for Aging Assessment :

• None

Application to Cable : Not directly - not a test method
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Bammert, U. and Beyer, M.

Partial Discharges Measured with an Autonnated System in Epoxy Resin and
Polyethylene

IEEE Transactions on Electrical Insulation, Vol. 23 No. 2, April 1988.

1 1 Pages, 24 References

AUTHOR’S ABSTRACT:

f© IEEE 1988, reproduced with permission from the IEEE publication identified above.)

The partial discharge (PD) characteristics of a filled epoxy casting resin were compared
in long-term tests with those of polyethylene (PE). For this purpose, a newly developed

automatic measuring system was used to detect and process PD parameters such as the

apparent amount of charge, the PD repetition rate, the apparent PD energy and the polarity

of the impulses, together with the position of the latter with respect to the phase of the

applied 50 Hz ac voltage. Interpretation of the results Is based on the concept of the origin

of PD channels in the extremely inhomogeneous ac field, aprticular use being made of the

recorded phase histograms recorded and of the changes observed in the apparent PD
energy with time.

REVIEWS:

Technology : Partial discharge

Remarks :

• Test made in laboratory on needle-plate specimens

• Basic study of material performance

Criteria for Aging Assessment :

• None

Application to Cable : Not directly
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Bartnikas, R.

Detection of Partial Discharges (Corona) in Electrical Apparatus

IEEE Transactions on Electrical Insulation, Vol. 25, No. 1, February 1990.

14 Pages, 95 References

AUTHOR’S ABSTRACT:

(© IEEE 1990, reproduced with permission from the IEEE publication Identified above.)

The development of the various partial discharge test methods as applied to cables,

capacitors, transformers and rotating machines is examined in an historical context.

Special emphasis is placed on various discharge pulse analysis techniques, though it is

also pointed out that integrated charge measurements should receive greater attention,

in particular as concerns their capability to respond to glow and pseudo-glow discharges.

REVIEWS:

Technology : Partial discharge in historical context.

Remarks :

• A broad perspective of the evolution of partial discharge test.

• Does not contain specific descriptions of tests, but provides 95 references.

Criteria for Aging Assessment :

• None

Application to Cable : Yes, as general principles
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Bartnikas, R.

A Commentary on Partial Discharge Measurement and Detection,

IEEE Transactions on Electrical Insulation, Vol. El-22 No. 5, October 1987, Whitehead Memorial Lecture.

55 Pages, 1 20 References

AUTHOR’S ABSTRACT:

{© IEEE 1987, reproduced with permission from the IEEE publication identified above.)

A critical review is presented on the various electrical methods available for partial

discharge detection and measurement in terms of their chronological development and
application on cable, capacitor, transformer, and machine insulation specimens. A
substantial portion of the effort is devoted to corona pulse detection techniques, because

these constitute the most popular forms of corona measurement. It Is pointed out,

however, that under some conditions discharges may assume a pulseless or pseudo-glow

type character and that in such circumstances pulse detection procedures become
ineffective and must be replaced by appropriate bridge methods.

REVIEWS:

Technology : Review of partial discharge.

Remarks :

• General review

Criteria for Aging Assessment :

• None

Application to Cable : Partially applicable to cables.
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Bernstein, B.

Aging Effects and Diagnostic Evaluation of Cable Insulation

Proceedings: Workshop on Power Plant Cable Condition Monitoring, EPRI EUNP/CS-5914-SR, July 1988.

AUTHOR’S ABSTRACT:

(None given, but see remarks below)

REVIEWS:

Technology : General review

Remarks :

• Provides a list of 15 test methods with summary of objectives, anticipated benefits,

sensitivity, and cost/manpower requirements.

• Reference is made to EPRI Project RP7897.02, "Development of Analytical

Techniques for Cable Evaluation."

Application to Cable : Yes
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NISTIR - 4485

Sever, R.S.

Forecasting of High Voltage Insulation Performance: Testing of Recommended Potting

Materials and of Capacitors

NASAX-711-84-16, August 1984.

1 70 Pages, 25 References

AUTHOR’S ABSTRACT:

The authors investigated the "ramp test" method for D.C. partial discharge measurements;

tested some actual flight-type insulation specimens; used "perfect" potting resin samples

and also some with controlled defects.; used several types of potting resins and

recommend the better ones from the electrical characteristics. Thermal and elastic

properties must also be considered, and are mostly from the literature; tested many types

of commercial capacitors; arrived at approximate acceptance/rejection/rebating criteria

for simple test elements for Space use, based on D.C. partial discharge.

REVIEWS:

Technology : Partial discharge

Remarks :

• Evaluation (forecasting, not monitoring condition) of space-oriented insulating

materials.

• Partial discharge test made with commercial PD equipment of early 1980’s vintage.

• Some life testing is reported.

Criteria for Aging Assessment :

• The authors cite five criteria for partial discharge signals while stating that operator

experience is essential.

Application to Cable : Not directly

2 8



NISTIR - 4485

Beyer, M., Kamm, W., Borsi, H., and Feser, K.

A New Method for Detection and Location of Distributed Partial Discharges (Cable

Faults) in High Voltage Cables Under External Interference

IEEE Transactions on Power Apparatus and Systems, Vol. PAS-101, pp. 3431-3438, No. 9, Sept. 1982.

8 Pages, 7 References

AUTHOR’S ABSTRACT:

(© IEEE 1982, reproduced with permission from the IEEE publication identified above.)

Today’s partial discharge (PD) detection and location methods in high voltage cables are

limited by the influence of external interferences as well as by the type and properties of

the cable and by the nature of PD impulses. The problems of the existing methods could

be overcome by the development of a new electronic PD detection and location method
of high sensitivity and accuracy. It allows the recording and evaluation of partial

discharges in HV cables even under the influence of external interference. The accuracy

of location is 99.8% yielding a sensitivity down to 1 pC.

REVIEWS:

Technology : Partial discharges with data processing

Remarks :

• The basic problem of increasing pulse attenuation in TDR method with increasing

cable length is addressed by adding controlled amplifiers in the signal processing of

the returned pulse.

• Test results are cited for cable ratings from 3 to 60 kV, specifically mentioning

immunity to external noise. In the closure, the author states that best results are

obtained with an open far-end termination.

• A check with Haefely Co, sponsor of the project, on the outcome of the hardware

indicated that the project has beendiscontinued.

Criteria for Aging Assessment :

• Presence of faults revealed by partial discharges.

Application to Cable : Yes
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Bilodeau, T.M. and Sarjeant, W.J.

Theoretical and Empirical Error Analysis for the Direct Calibration of Resonant Partial

Discharge Detection Circuitry

Proceedings, IEEE Conference on Electrical Insulation and Dielectric Phenomena, 90 CH 2919-9, October
1990.

6 Pages, 5 References

AUTHOR’S ABSTRACT:

(© IEEE 1990, reproduced with permission from the IEEE publication identified above.)

The main objective of this paper is to derive an approximate relation for the error inherent

in the direct calibration procedure when it is applied to conventional resonant PD detection

circuitry. This error Is caused by the interaction between the output impedance of the

direct calibration signal generator (which is not present under normal test conditions) and
the PD detection circuit. The derived expression is used to calculate the percent error for

the calibration of a commercial resonant PD detector that is typical of industrial apparatus

and the results are compared to laboratory measurements and a computer model to

illustrate their veracity.

REVIEWS:

Technology : Conventional resonant partial discharge detection

Remarks :

• Theoretical analysis of errors

Criteria for Aging Assessment :

• None

Application to Cable : No
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NISTIR - 4485

Bilodeau, T.M., Shea, J.J., FitzPatrick, G.J., and Sarjeant, W.J.

A Critical Evaluation of Conventional Partial Discharge Measurement Techniques for

Discrete Capacitors

IEEE Electrical Insulation Magazine, Vol. 3, No. 4, July 1987.

7 Pages, 8 References

AUTHOR’S ABSTRACT:

f© IEEE 1987, reproduced with permission from the IEEE publication identified above.)

This article describes the performance characteristic of a typical resonant PD detection

circuit investigated in the laboratory to quantitatively define its diagnostic capabilities and
limitations. Based on the results, the fundamental designs for two new types of PD
detection circuits that can implement measurements of fast rise time PD pulses in discrete

capacitors under 60 Hz ac (or higher frequency) test voltage are proposed.

REVIEWS:

Technology : Partial discharge

Remarks :

• Improvements to laboratory instrumentation

• Implementation described is still at preliminary stage

Criteria for Aging Assessment :

• None

Application to Cable : No
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NISTIR - 4485

Boggs, S.A.

Partial Discharge: A series of reviews

IEEE Electrical Insulation Magazine, starting with July/August 1990 and scheduled for a number of

subsequent issues.

Typically 6-8 pages, 6 references.

AUTHOR’S ABSTRACT:

(© IEEE 1990, reproduced with permission from the IEEE publication identified above.)

This paper is the first of a series of papers by various authors on the subject of partial

discharge. The initial papers will treat the fundamental aspects of partial discharges to

give the reader some background. Subsequent papers will treat PD detection and

measurement for specific types of equipment, such as transformers, solid dielectric

castings, GIS, solid dielectric cables, laminar dielectric cables, etc. The present author

will write several of the papers and will act as editor for the series.

REVIEWS:

Technology : Partial discharge review.

Remarks :

• Provides background information as a general tutorial.

• Subsequent articles, not published at the time this report is written, may provide

further details applicable to cable test methods.

Criteria for Aging Assessment :

None in the articles published to date.

Application to Cable : Expected in subsequent articles.
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Borsi, H. and Hartje, M.

A New System for Computer Aided Automation of Different Commercially Available

Partial Discharge (PD) Detectors

Sixth IEEE International Symposium on High Voltage Engineering, August 1 989.

4 Pages, 1 1 References

AUTHOR’S ABSTRACT:

(© IEEE 1989, reproduced with permission from the IEEE publication identified above.)

This paper introduces a system, which enables a continuous and automatic recording of

different PD parameters in short and long term tests. The system can be easily used in

combination with various commercially available PD detectors. In addition to this, the

internal filters of the analog unit allow the application of the system for PD measuring and

processing on different specimens. With this system an on-line preprocessing of the PD
measurement data is possible. The system also enables a multi-channel-measurement

so that up to 16 specimens can be measured simultaneously. Some results of the

measurements with this new system in laboratory and on a power transformer in a

substation are provided.

REVIEWS:

Technology : Partial discharge signal processing

Remarks :

• Works in conjunction with existing PD detectors.

• Provides continuous monitoring.

Criteria for Aging Assessment :

• None

Application to Cable : No (no cable test results)
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NISTIR - 4485

Bossi, A., Farneti, F., and Portinari, G.

Criteria for the Qualification of Extruded Insulation Cables
CIGRE Paper 21-10, September 1976.

14 Pages, 6 References

REVIEWER’S SUMMARY:

The authors define the criteria for qualification of extruded insulated cables for medium
and high-voltage systems, under the assumption that dielectric breakdowns obey to the

Weibull distribution. They evaluate confidence limits of the distribution parameters by the

Monte Carlo technique and give procedures for defining the minimum values of the

stresses and their scatters that assure the permitted failure rates are not exceeded.

Criteria are given for carrying out qualification tests on EPR insulated cables. AC step

voltage tests are provided for on both real cables and models of reduced size while ac

steady-state voltage tests with thermal cycles and lightning impulse tests are performed

on real cable samples. Experimental results obtained to date appear to demonstrate that

the chosen approach is adequate.

REVIEWS:
Technology : Dielectric breakdown tests.

Remarks :

• Provides insight on the statistics of breakdown but no test method applicable to in situ.

• Criterion of evaluation is breakdown, under ac or impulse.

Criteria for Aging Assessment :

• Not aimed at aging, but initial qualification

Application to Cable : Not for in-situ monitoring
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NISTIR -

Bouquet, F.L., Somoano, R.B., and Frickland, P.O.

Effects of Radiation on Capacitor Dielectrics

Vol. 11, No. 1, Item i^40, NPO-1676V6275, Jet Propulsion Laboratory, California Institute of Technology,

Pasadena. CA. February 1987.

40 Pages, 12 References

REVIEWER’S SUMMARY:

The authors present a comprehensive tabulation of mechanical response data for synthetic

elastomeric materials exposed to irradiation in the space environment. The data are

presented in graphical form useful to designers. General information on elastomers is

given along with electrical, outgassing and thermal response data.

REVIEWS:

Technology : Investigation of material properties

Remarks :

• One figure of paper shows decrease of volume resistivity vs. radiation dose.

Criteria for Aging Assessment :

• Dissipation factor

• Volume resistivity

• Tensile strength

Application to Cable : Not directly
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NISTIR - 4485

Brancato, E.L.

Insulation Aging: A Historical and Critical Review

IEEE Transactions on Electrical Insulation, Vol. El-13, pp. 308-317, No. 4, August 1978.

10 Pages, 31 References

AUTHOR’S ABSTRACT:

(© IEEE 1978, reproduced with permission from the IEEE publication identified above.)

The role of insulation functions is reviewed. In this light, a history of thermal evaluation is

outlined with special emphasis given to the milestones set by Steinmetz, Lamme,
Montsinger and Dakin. The philosophy of functional evaluation and temperature

classification is discussed.

The aging phenomenon, applicable to various systems, is analyzed with a point of view of

identifying those knowledge gaps that bar the development of specific aging technologies.

Emphasis is given, in this discussion, to the aging problems in multi-stress and/or

multi-environmental conditions. The need for a better acquaintance with material

response is stressed to develop multi-factor testing, identify material compatibilities, and
develop nondestructive aging techniques.

REVIEWS:

Technology : Bulk dielectric properties

Remarks :

• A historical overview, with some examples of successful application, and other

examples of unsuccessful application.

• Does not contain specific test method descriptions.

Criteria for Aging Assessment :

• No specific description

Application to Cable : Yes, but only as background information

2-26



NISTIR -

Bustard, L.D.

Definition of Data Base, Code, and Technologies for Cable Life Extension

SAND86-1897UC-78, Sandia National Laboratories, Albuquerque NM, March 1987.

40 Pages, 51 References

AUTHOR’S ABSTRACT:

The substantial number of cables inside containment for a typical nuclear facility provides

a strong motivation to extend cable life rather than replace cables as part of an overall

plant life extension strategy. Hence, it is important to understand what information is

necessary to accomplish life extension. This paper defines utility-specific as well as

collective-industry actions that would facilitate extending cable life. The focus of these

recommendations is (1 ) to more realistically define the environmental profiles during which

cables must function, (2) to define plant configuration and operational changes which may
enhance cable life, (3) to better understand the validity of accelerated aging methodology
through examination of naturally aged cables. (4) to better understand the validity of

accelerated aging methodology via selected experimentation, (5) to support cable aging

analysis by improving nonproprietary data bases. (6) to reduce the impact of the design

basis accident assumptions on cable performance so additional cable aging can be

accommodated during extended life, and (7) to complement life predictions with more
effective cable condition monitoring techniques than those currently available.

REVIEWS:

Technology : Overall perspective

Remarks :

• Raises pertinent questions on some assumptions made in previous studies, and

presents a summary review of the current status of aging studies.

Criteria for Aging Assessment :

• Open-ended list of candidates

Application to Cable: Yes
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NISTIR - 4485

Cambrias, Jr., S. and Rittenhouse, S.A.

Generic Guidelines for the Life Extension of Plant Electrical Equipnnent

Research Project 2820-2, Electric Power Research Institute, Palo Alto CA, July 1988.

1 1 Pages, 8 References

AUTHOR’S ABSTRACT:

f© EPR1 1988, reproduced with permission from the EPRI pubiication identified above.)

The project team requested information on assessing plant electrical equipment from

equipment specialists, utility engineers, consulting engineers, and research groups. The
team condensed these data into a practical guide for assessing equipment life, providing

a four-level method and specific procedures for 1 1 generic equipment categories. An EPRI

committee and industry experts performed a series of reviews to ensure the technical

accuracy and usefulness of the material.

REVIEWS:

Technology : General review of subject

Rennarks :

• Guidelines on organized in categories of: mechanisms and causes of failure;

sources of data; analysis of historical data; visual Inspection; instrumentation and
monitoring; special diagnostics.

Criteria for Aging Assessment :

• Insulation resistance

• Hipot (for medium and high voltage cable only)

Application to Cable: General Information, no in-situ tests
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NISTIR - 4485

Carminati, E. and Gandelli, A.

Analysis of Partial Discharge Process in Electrical Insulation System Based on an

Automatic Measurement Procedure

Conference Record of the 1988 IEEE International Symposium on Electrical Insulation, 1 988.

4 Pages, 9 References

AUTHOR’S ABSTRACT:

f© IEEE 1988, reproduced with permission from the IEEE publication identified above.)

The measurement of partial discharges may be performed using very different detection

techniques. However, the analysis of the discharge process requires the knowledge of a

proper theoretical model supported by suitable and reliable experimental results. A
particular instrumentation devoted to the measurement of discharge parameters for

different devices under test has been developed and tested. The system is able to detect,

measure and store in a large-size memory the apparent charge of every single pulse, the

corresponding value of the applied voltage and the time instant in which it occurs. This

procedure has been found to be applicable for statistical evaluations of PDs process,

especially if the determination of the discharge pulse energy and distribution is required.

REVIEWS:

Technology : Partial discharge signal processing

Remarks :

• Instrumentation description, not cable aging

Criteria for Aging Assessment :

• None

Application to Cable : Not directly
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NISTIR - 4485

Champion, T.C.

Power Plant Cable Condition Monitoring and Testing at Georgia Power

Proceedings: Workshop on Power Plant Cable Condition Monitoring, EPRI EUNPICS-5914-SR, July 1988.

21 Pages, 7 References

AUTHOR’S ABSTRACT:

f© EPR1 1988, reproduced with permission from the EPRI publication identified above.)

Georgia Power’s Research Center has been heavily involved in the evaluation of electrical

insulating materials and cables since its inception more than 1 7 years ago. For the past

ten years that expertise has been applied to cables used in generation plants. This paper

discusses the results of two test programs. The first is a quality control inspection on 169

samples of new power generation cables. The second is a material degradation evaluation

on four short cable samples removed from a coal fired plant during an equipment upgrade.

The new material evaluation was performed to evaluate the need for replacement of

existing cables during an equipment upgrade. Results of the evaluations have led to

development of a detailed proposal for a program to evaluate cable degradation and
remaining life for cables used in power generation facilities.

REVIEWS:

Technology :

• Mechanical tests and hipot

• Thermal scan

Remarks :

• Incoming cable control Inspections.

• Destructive tests on samples.

Criteria for Aging Assessment :

• Cold bend test

• AC voltage breakdown

Application to Cable : Yes, but not for in-situ
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Childs, S.E.

Residual Life Estimation of High Voltage Machine Insulation

TPRD/U2551/N83, October 1983.

18 Pages, 19 References

CONTENTS:

1. Introduction

2. Life Characteristics

2.1 Life Curve

2.2 Residuai Life

2.3 Residual Breakdown Voltage

2.3.1 Equivalence of aging at different stress levels

2.3.2 Effect of aging on dieiectric strength

3. insulation Breakdown Mechanisms

4. Parametric Approach to Life Estimation

5. Discussion

6. Conclusions

7. Recommendations

8. References

Appendix 1 ; The Weibull distribution as applied to insuiation iife

REVIEWS:

Technology : General discussion of machine insuiation

Remarks :

• Does not contain specific information applicable to cables.

• Source of information not clear, appears to be an internal document of unidentified

organization.

Criteria for Aging Assessment :

• Insulation breakdown and statistical evaluation of accumulated failure data.

Application to Cable : No
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NISTIR - 4485

Clough, R.L. and Gillen, K.T.

Investigation of Cable Deterioration Inside Reactor Containment

Nuclear Technology, Vol. 59, pp. 344-354, November 1982.

1 1 Pages, 25 References

REVIEWER’S SUMMARY:

The paper reports on the deterioration of polyethylene and polyvinyl chloride cable

materials Installed In the containment building of an operating nuclear reactor. The
maximum dose experienced by the cable materials was only 2.5 Mrad during about 12

years of operating life. Laboratory aging experiments on the two materials established

that the cause of the material deterioration in the plant was radiation-induced oxidation.

The degradation rate was correlated with local levels of radiation intensity. Strong

synergisms of radiation and elevated temperature and dose-rate effects were found,

leading to unexpected rapid degradation rates. The authors conclude that the possible

occurrence of dose-rate effects and synergisms needs to be taken into account in the

design of laboratory methods for aging and qualification testing of organic materials for

use in a nuclear plant environment.

REVIEWS:

Technology : In situ and accelerated aging

Remarks :

• Recites actual in-service aging of cable insulation (polyethylene and polyvinyl

chloride) as measured by tensile elongation tests.

• No correlation between the tensile data and the dielectric withstand capability.

Criteria for Aging Assessment :

• Tensile strength

• Cracking by bending on mandrel

Application to Cable : Yes

2 32



NlSTi:

Cole, R.H.

Dielectric Response by Real Time Analysis of Time Domain Spectroscopy Data

The Journal of Physical Chemistry, Vol. 78, pp. 1440-1441, No. 14, 1974

2 Pages, 3 References

REVIEWER’S SUMMARY:

The author describes the advantage of his approach in that the response function can be

obtained with satisfactory accuracy for a considerable range of sample thickness and

other parameters without specific assumptions about its form and without numerical

Fourier transformations. His analysis has been generalized to take account of finite ohmic

sample conductivity and finite rise times. He has developed similar methods for a finite

dielectric sample terminating a coaxial line.

REVIEWS:

Technology: Basic measurement of dielectric properties of combined TDR TDS

Remarks :

• First publication of the technique followed by the 1975 Communication and

subsequently documented in a three-paper series by Cole and his co-workers, in the

next four entries.

Criteria for Aging Assessment :

• None

Application to Cable : No
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Cole, R.H.

Evaluation of Dielectric Permittivity by Time Domain Spectroscopy
The Journal of Physical Chemistry, Vol. 79, pp. 93-94, No. 1, 1975

2 Pages, 4 References

REVIEWER’S SUMMARY:

The author present simple formulas for evaluating complex permittivity from Laplace

transforms of voltage pulses incident on and reflected from a dielectric sample in coaxial

lines, as observed by time domain spectroscopy

Satisfactory results are obtained for much larger samples and reflection signals than in

thin-sample or lumped-capacitance approximations and without recourse to com-
puterized sampling, fast Fourier transforms, or iterative solutions used in other, more
general methods.

REVIEWS:
Technology : Basic measurement of dielectric properties by combined TDR/TDS

Remarks :

• Second publication of the technique, subsequently documented in a three-paper series

by Cole and co-workers.

Criteria for Aging Assessment :

• None

Application to Cable : No
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Cole, R.H.

Evaluation of Dielectric Behavior by Time Domain Spectroscopy. I. Dielectric response
by Real Time Analysis
The Journal of Physical Chemistry, Vol. 79, pp. 1459-1469, No. 14, 1975

11 Pages, 10 References

REVIEWER’S SUMMARY:

The author derives formulas by "real-time" analysis in which the dielectric response

function of a finite sample in a coaxial line may be calculated from the time integral and

self convolution of the reflections produced by an incident step voltage pulse. The author

illustrates the cases of a sample inserted in a matched line and of a sample terminating a

line. Errors in the analysis and information derivable from short time behavior are

discussed.

REVIEWS:
Technology : Basic measurement of dielectric properties by combined TDR/TDS

Remarks :

• Part 1 of a series of papers by Cole and co-workers. This part describes the theory of

the method.

• In spite of appearances suggested by the use of a coaxial line in the test method, this

technique is not directly applicable to cable testing.

• Actually, the coaxial line serves the role of test fixture for a sample located at the end

of the line or at some point of the line.

• The sample is typically a liquid , filling the inter-electrode space of a precise section of

the coaxial line.

Criteria for Aging Assessment :

• None

Application to Cable : No
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NISTIR - 4485

Cole, R.H.

Evaluation of Dielectric Behavior by Time Domain Spectroscopy. II. Complex Permittivity

The Journal of Physical Chemistry, Vol. 79, pp. 1469-1474, No. 14, 1975

6 Pages, 1 8 References

REVIEWER’S SUMMARY:

The author presents simple explicit formulas for evaluation of permittivity of a dielectric

sample in a coaxial line using Fourier transforms of incident and reflected voltage pulses.

The use of the sample as termination of the line is shown to have several advantages over

the more common method of inserting it in a matched line. Simple numerical and analytical

procedures for evaluation of the Fourier transforms are given, together with a discussion

of errors.

REVIEWS:
Technology : Basic measurement of dielectric properties by combined TDRyTDS

Remarks :

• Part 2 of a series of papers by Cole and co-workers. This part describes an alternate

approach to the location of the sample in the line, with the use of Fourier transformers.

• In spite of appearances suggested by the use of a coaxial line in the test method, this

technique is not directly applicable to cable testing.

• Actually, the coaxial line serves the role of test fixture for a sample located at the end

of the line or at some point of the line.

• The sample is typically a liquid , filling the inter-electrode space of a precise section of

the coaxial line.

Criteria for Aging Assessment :

• None

Application to Cable : No
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Cole, R.H., Mashimo, S., and Winsor

P. IV, Evaluation of Dielectric Behavior by Time Domain Spectroscopy. III. Precision

Difference Methods
The Journal of Physical Chemistry, Vol. 84, pp. 786-793, No. 7, 1980.

8 Pages, 10 References

REVIEWER’S SUMMARY:

The authors describe refinements in time-domain total reflection methods for precision

measurements of dielectric permittivity from 1 MHz to several GHz. The method is based

on using a single cell design with two effective sample lengths for direct and difference

measurements of a wide range of permittivities, from strongly polar liquids to dilute, weakly

polar solutes in a nonpolar solvent. Methods for precise time referencing and correction

of timing differences are described, together with convenient procedures for numerical

Fourier transformation of the observed time domain waveforms to obtain the complex
permittivity.

REVIEWS:
Technology : Basic measurement of dielectric properties by combined TDR/TDS

Remarks :

• Part 3 of a series of papers by Cole and his co-workers.

• In spite of appearances suggested by the use of a coaxial line in the test method, this

technique is not directly applicable to cable testing.

• Actually, the coaxial line serves the role of test fixture for a sample located at the end

of the line or at some point of the line.

• The sample is typically a liquid , filling the inter-electrode space of a precise section of

the coaxial line.

Criteria for Aging Assessment :

• None

Application to Cable : No
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Colvin, D.H.

Computationally Efficient Method of Calculations Involving Lumped-Parameter
Transmission-Line Models

IEEE Transactions on Electromagnetic Compatibility, Vol. EMC-27, pp. 41-43, No. 1, February 1985

3 Pages, 5 References

AUTHOR’S ABSTRACT:

f© IEEE 1985, reproduced with permission from the IEEE publication identified above.)

Computations involving ladder networks may be tedious if many elements are present.

Lumped-circuit iterative models are traditional approximations of transmission lines and
have been used well before. The number of sections used to approximate the transmission

line is limited by the computational expense involved in analyzing a high-order circuit. This

paper develops a closed-form expression for the voltage transfer ratio for ladder networks

as a function of the number of sections. Presently, lumped-circuit models are analyzed

using loop-current or node-voltage equations, both time-consuming and costly. The
closed-form expression developed in this paper allows one to perform rapid circuit

calculations for two-conductor lines, even if the number of sections is large (e.g., 50

sections or more) with very little computational effort.

REVIEWS:

Technology : Computations for pulse propagation

Remarks :

• Of interest only to those involved in cable modeling.

• Contains five references to modeling by others.

Criteria for Aging Assessment :

• None

Application to Cable : Yes, but not test methods
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de Arizon, P. and Dommel, H.W.

Computation of Cable Impedances Based on Subdivision of Conductors

IEEE Transactions on Power Delivery, Vol. PWRD-2, pp. 21-27, No. 1, January 1987.

7 Pages, 17 References

AUTHOR’S ABSTRACT:

f© IEEE 1987, reproduced with permission from the IEEE publication identified above.)

The frequency-dependent resistances and inductances of cables can either be found from

analytical formulas, or with numerical methods based on finite elements or subdivision of

conductors. While analytical formulas are limited to coaxial configurations, numerical

methods can be used for non-concentric configurations as well.

This paper discusses the method of subdivision into subconductors of circular, square or

elemental shape, and compares the results for the case of a coaxial cable, where exact

solutions are available from analytical formulas. The inclusion of ground return

impedances is discussed next. The method is then applied to the calculation of

impedances of pipe-type cables with magnetic pipe material, and of internal impedances
of stranded conductors in the power line carrier frequency range.

REVIEWS:

Technology : Finite element analysis of stranded conductors

Remarks :

• Looked for some possibility of application to TDR (impedance mismatches) but

found none.

Criteria for Aging Assessment :

• None

Application to Cable : No
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Densley, R.J.

Partial Discharges in Electrical Insulation Under Combined Alternating and Impulse
Stress

IEEE Transactions on Electrical Insulation, Vol. El-5, pp. 96-106, No. 4, December 1970.

8 Pages, 5 References

AUTHOR’S ABSTRACT:

(© IEEE 1970, reproduced with permission from the IEEE publication identified above.)

A study has been made of the partial discharge characteristics of artificial cavities in

polyethylene under combined 60-Hz and negative 1.2/50-;/s Impulse stresses, the

amplitude of the alternating stress being below discharge Inception value. Samples of

cross-linked and low-density polyethylenes were tested.

The discharge sequence was derived from the results of previous tests, which used only

impulse stresses. It showed that the ac discharges, initiated by an impulse, could continue

indefinitely under certain conditions. The experimental results do not confirm this but show
that the ac discharges always extinguish within 10 seconds after the application of the

impulse. The number of ac discharges, although independent of the amplitude of the

impulse, increases with increasing alternating stress but decreases as the sample ages.

The effect of the angle of the cycle at which the impulse was applied on the combined
discharge inception stress is also described.

REVIEWS:

Technology : Partial discharges experiments

Remarks :

• Reports tests on sheet specimens containing artificial cavities, with detailed

information on inception of partial discharges.

Criteria for Aging Assessment :

• None

Application to Cable : Not for in situ test
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Densley, R.J. and Salvage, B.

Partial Discharge in Gaseous Cavities in Solid Dielectrics Under Voltage Conditions

IEEE Transactions on Electrical Insulation, Vol. El-6, pp. 54-62, No. 2, June 1971.

9 Pages, 8 References

AUTHOR’S ABSTRACT:

f© IEEE 1971, reproduced with permission from the IEEE publication Identified above.)

An investigation is described into partial discharge phenomena in artificial air-filled cavities

of known dimensions in polyethylene. During initial tests, the 50 percent impulse-inception

stress is much higher than the discharge stress calculated from Paschen’s curve. It is

independent of the impulse repetition rate, and is larger for 1/50-«s impulses than for

500/3000-ws surges; for both waveshapes the extinction stress is lower than the inception

stress. After repeated discharges, the inception and extinction stresses are both reduced

to the Paschen cun/e value. Initially, the 50 percent impulse-inception stress increases as

the cavity diameter is decreased at constant depth and as the depth is decreased at

constant diameter. After aging, the stress becomes independent of the cavity diameter.

Details are given of the discharge magnitudes and time lags. It has been shown that a

"main discharge" occurs usually on or near the crest of the surge, during which all or a

substantial part of the cavity is discharged, followed by a number of smaller "reverse

discharges" on the wavetail. When a discharge occurs on polarity reversal its magnitude

tends to be appreciably greater but it can be reduced by suitable voltage conditioning.

Experiments have also been made with the cavity adjacent to an electrode instead of totally

enclosed in the dielectric.

REVIEWS:

Technology : Partial discharges experiments

Remarks :

• The paper reports a study of the behavior of solid insulation specimens with artificial

cavities included.

• Provides detailed information on the inception of partial discharges.

• Points out differences between impulse and ac stress for inception of PD, and the

effect of repeated PD’s that eventually lower the inception voltage to that predicted

by Paschen’s curve.

Criteria for Aging Assessment :

• None

Application to Cable : Not for in situ tests
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Dima, A., Katz, C., and Bernstein, B.

Effects of Thermal Overload on the Voltage Breakdown Strength of Service-Aged URD
Cables

IEEE Transactions on Power Delivery, VoL PWRD-2, pp. 315-320, No. 2, April 1987.

6 Pages, 1 0 References

AUTHOR’S ABSTRACT:

f© IEEE 1987, reproduced with permission from the IEEE publication identified above.)

Present industry specifications allowthermoset insulated polymeric cables to be subjected

to emergency conductor temperatures of up to 130 °C. The effect of the high temperatures

on cable integrity has been questioned. This study shows that cyclic, long-term or fast-rise

application of 130 °C to service-aged, water treed underground residential distribution

(URD), crosslinked polyethylene (XLPE) insulated cables, result in an increase in dielectric

strength. Contrary to what happens in new cables, an increase in temperature from

ambient to 130 °C also results in an increase in voltage breakdown strength. It appears

that at high temperature, moisture and some remnant by-products of the crosslinking

reaction such as volatiles, diffuse from the insulation, contributing to the higher levels of

dielectric strength. It is shown that thermoplastic insulation shields on XLPE service-aged

cables are adversely affected by emergency temperatures.

REVIEWS:

Technology : Material aging (non-nuclear) and dielectric breakdown

Remarks :

• Not a non-destructive test

Criteria for Aging Assessment :

• Insulation breakdown (AC and impulse)

Application to Cable : No
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DInsel, M.R., Donaldson, M.R., and Soberano, FT.

In Situ Testing of the Shippingport Atomic Power Station Electrical Circuits (Draft)

NUREGICR-3956 EGG-2442 (DRAFT), EG&G Idaho, Inc., Idaho Falls, ID, March 1986.

39 Pages, 4 References

AUTHOR’S ABSTRACT:

This report discusses the resuits of electricai in-situ testing of selected circuits and

components at the Shippingport Atomic Power Station in Shippingport, Pennsylvania. The

goal was to determine the extent of aging or degradation of various circuits from the

original plant, and the two major core/plant upgrades (representing three distinct age

groups), as well as to evaluate previously developed sun/eillance technology. The
electrical testing was performed using the Electrical Circuit Characterization and

Diagnostic (ECCAD) system developed by EG&G. Testing included measurements of

voltage, effective series capacitance, effective series inductance, impedance, effective

series resistance, dc resistance, insulation resistance and time domain reflectometry (TDR)

parameters. The circuits evaluated included pressurizer heaters, control rod position

indicator cables, miscellaneous primary system Resistance Temperature Detectors,

nuclear instrumentation cables, and safety injection system motor operated valves. The
in situ measurements and analysis of the data confirmed the effectiveness of the ECCAD
system for detecting degradation of circuit connections and splices due to high resistance

paths, with most of the problems caused by corrosion. Results indicate a correlation

between the chronological age of circuits and circuit degradation.

REVIEWS:

Technology : In-situ tests by ECCAD

Remarks :

• Description of test sequence for five types of systems, total of 234 units.

• ECCAD is reported as successful in detecting degradation in 46% of the circuits,

with 16% serious enough to declare those circuits inoperable.

• However, since more than 5 years elapsed between plant shutdown and the

reported measurements, the authors conclude that a number of occurrences should

be considered to be caused by lack of maintenance, not aging.

Criteria for Aging Assessment :

• Insulation resistance

• Series impedance

• Time-domain reflectometry

Application to Cable : Yes
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Feser, K., Konig, G., Ott, J., and Seitz, P.

An Adaptive Filter Algorithm for On-Site Partial Discharge Measurements

Conference Record of the 1988 IEEE International Symposium on Electrical Insulation, 1 988.

4 Pages, 8 References

AUTHOR’S ABSTRACT:

f© IEEE 1988, reproduced with permission from the IEEE publication identified above.)

Partial discharge (PD) measurements in completely shielded laboratories can be
performed sensitiveiy enough to detect even small insulation failures. But on the other

hand a lot of difficulties exist in the sensitive measurement of partial discharges under

On-Site conditions.

A new PD measuring device to improve On-Site PD measurements has been developed

based on a filter algorithm known in the area of digital signal processing. The adaptive

filter reduces periodical interferences, e.g. from broadcasting stations. The filter principle

is based on a Fast Fourier Transform (FFT).

The adaptive filter suppresses external sinusoidal disturbances very effectively. Even

partial discharges with an apparent charge less than the basic interference level can easily

be detected with this new design.

REVIEWS:

Technology : Partial discharge signal processing

Remarks :

• Description of the filter algorithm.

• On-site measurements described with no reference to cables.

Criteria for Aging Assessment :

• None

Application to Cable : Not directly
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Fisher, E.J. and McClung, LB.

Long-Life Insulation for Industrial and Utility Cables

IEEE Transactions on Industrial Application, Vol. IA-22, No. 5, pp. 946-951, September 1986.

6 Pages, 12 References

AUTHOR’S ABSTRACT:

f© IEEE 1986, reproduced with permission from the IEEE publication identified above.)

The development, manufacture, performance test, and installation of an industrial or utility

cable that utilizes a new-generation tree-retardant insulation is reviewed in detail. The
Insulation material used for this cable offers improved resistance to dielectric aging caused

by water-tree formation. Detailed data showing improvement over conventional

cross-lined polyethylene (XLPE) is reviewed. Association of Edison Illuminating

Companies (AEIC)-5 qualification data on full-size cables will also be reviewed. A typical

installation involving replacement of an industrial cable using the tree-retardant insulation

will be described.

REVIEWS:

Technology : XLPE cables - Destructive evaluation by breakdown

Remarks :

• Investigation of improved XPLE demonstrated by ac and dc breakdown tests.

• Some indication that power factor increase occurs with aging, together with

decrease in breakdown voltage. Correlation is not firmly established, however.

Criteria for Aging Assessment :

• Insulation breakdown

Application to Cable : Yes, but not in-situ
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Forman, M.

A Comparison of Fault-Locating Techniques on Radio Frequency Transmission Lines

Hewlett Packard, Santa Rosa, CA.

6 Pages, No References

REVIEWER’S SUMMARY:

The author classifies cable fault location techniques into the categories of time-domain

and frequency-domain techniques, where impedance discontinuities are located by the

relationship of the reflected signal to the incident signal, generally called TDR (Time

Domain Reflectometry) and FDR (Frequency Domain Reflectometry). In TDR, the fault is

located by the time delay; in FDR, the fault is located from the phase shift along the cable.

REVIEWS:

Technology : TDR, FDR, but with HF lines as medium

Remarks :

• An excellent tutorial on basic principles of TDR and FDR. Discusses advantages and

limitations of method.

Criteria for Aging Assessment :

• None directly applicable

Application to Cable : Yes
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Forster, et. al.

Research Needs to Assess the Long Term Performance of Electrical Insulating Materials

and Systems

NRC/CEIDP Task Force Report, October 1976.

47 Pages, 75 References

CONTENTS:

EXISTING ACTIVITIES IN NATIONAL AND INTERNATIONAL ORGANIZATION

REVIEW OF FUNDAMENTAL DEFINITIONS AND MOTIVATIONS

a. What Do We Mean by Aging?

b. What Do We Mean by Stresses?

c. How Do We Predict Aging?

d. Why Are We Interested in the Science of Aging?

TECHNOLOGICAL LIMITATIONS AND NEEDS OF SPECIFIC ELECTRICAL SYSTEMS

a. Electrical Insulation Systems for Nuclear Reactors

b. Cables

c. Capacitors

d. Transformer Insulation

e. Synthetic Insulators for Outdoor HV Transmission

f. Aging of Rotating Machinery Insulation

g. Electronics

REVIEWS:

Technology : Broad generalities on insulation

Remarks :

• Tutorial background but no test method descriptions or assessment.

Criteria for Aging Assessment :

• None

Application to Cable : No
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Fuhr, J., Haessig, M., Fruth, B., and Kaiser, T.

PD-Fingerprints of Some High Voltage Apparatus

Conference Record of the 1990 IEEE International Symposium on Electrical Insulation, 1 990.

4 Pages, 7 References

AUTHOR’S ABSTRACT:

f© IEEE 1990, reproduced with permission from the IEEE publication identified above.)

For reliable verification of the quality of both, new and aged insulating systems not only

the correct measurements of significant internal partial discharges (PD) but also an exact

localization and physical interpretation of the detected PD-signals Is needed. A step

forward towards the interpretation of conventionally measured PD-sIgnals is realized by a

digital data processing. This paper describes PD-measurements performed on different

high-voltage apparatus using a computer controlled phase resolving partial discharge

analyzer (PRPDA). The PRPDA-system records partial discharge (PD) activity of a test

object during a given number of cycles of the applied ac voltage, or during a fixed time.

Some typical results obtained in SFe-insulated systems (GIS), power transformers and

power generators in off-line and in on-line condition are presented and discussed.

REVIEWS:

Technology : Partial discharge with signal processing

Remarks :

• Measurement were made on site and on line.

• Proposes establishing a data basee of fingerprints of typical defects against which

the fingerprint of in-situ cables could be matched.

Criteria for Aging Assessment :

• None

Application to Cable : Not described in paper, but appears possible
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Fujiki, S., Furusawa, H., et. al.

The Research in Discharge Suppression of High Voltage Crosslinked Polyethylene

Insulated Power Cables

Paper 71 TP 195-PWR, Insulated Conductors Comm, of IEEE Power Engineering Society, December 1970.

6 Pages, 1 Reference

AUTHOR’S ABSTRACT:

(© IEEE 1971, reproduced with permission from the IEEE publication identified above.)

The main reason why high voltage plastic power cables lead to the dielectric breakdown

is considered the insulation deterioration which is brought about by partial discharges

within voids and other anomalies. We have taken various measures in order to suppress

these partial discharges. Then we got an idea that when some semi-conductive organic

material is blended in the insulation material, the surface resistivity of voids in the insulation

and between the insulation and semi-conductive layer is reduced. Our study based on

this idea produced effectual results. This paper describes the theoretical analysis,

fundamental experiments and application experiments to cables and cable joints.

REVIEWS:

Technology: Cable manufacturing technique

Remarks :

• Tests are made on specimens with artificial cavities for the purpose of demonstrating

how semiconducting additives improve resistance to partial discharge effects.

Criteria for Aging Assessment :

• Insulation breakdown

• Inception voltage

Application to Cable : Not for in-situ tests
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Garcia, G. and Fallou, B.

Equipment for the Energy Measurement of Partial Discharges

IEEE Transactions on Electrical Insulation, El-19, pp. 223-226, No. 3, June 1984.

4 Pages, 5 References

AUTHOR’S ABSTRACT:

(© IEEE 1984, reproduced with permission from the IEEE publication identified above.)

Unlike apparent charge, energy is an inherent characteristic of partial discharge (DP) and
may be used as an objective criterion for their evaluation. Since energy dissipation is

responsible for the damaging effect of discharges, the amount of energy liberated in a PD
situation is a suitable estimation of the involved risks. Discharge energy measurement
was accomplished using a special and readily made metering circuit, including a correlator

unit. Good correlations were found to exist between discharge energy and insulation

degradation in simple liquid or solid insulating models.

REVIEWS:

Technology : Partial discharges and data processing

Remarks :

• The tests are applied to samples of dielectric liquid or solid material, not cables.

• The purpose is to correlate the energy involved in the discharge and damage
inflicted to the sample, as a function of the applied test voltage.

• No information is provided on the field strength applied.

Criteria for Aging Assessment :

• None

Application to Cable : Indirect
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Gardner, J.B. and Winslow, J.W.

Aging and Test Standards Related to Cable Condition Monitoring

Proceedings: Workshop on Power Plant Cable Condition Monitoring EPRI EL/NPICS-5914-SR, July 1988.

5 Pages, No References

AUTHOR’S ABSTRACT:

f© EPR1 1988, reproduced with permission from the EPRI publication identified above.)

This paper lists those standards known to the writers which deal with aging methodologies

and cable or insulation testing, and which might be expected to relate to the monitoring

of cable condition or operability. Sixteen specific standards are treated individually, and

a number of others are treated en masse. A brief discussion touches upon ways these

standards may be useful in monitoring cable condition.

Reviewing the state of industry practice as evidenced by the listed standards, we conclude

that to support a quest for better condition monitoring methods, the industry should take

all steps possible to develop understanding of the failure mechanisms of in-sen/ice cables,

and of cables in accelerated aging laboratory tests, as well.

REVIEWS:

Technology : General review, not technology-specific

Remarks :

• Provides a review of current standards.

• Does not identify a specific candidate method.

Criteria for Aging Assessment :

The paper does not specify any criterion, but some of the standards described in this

review include one or more criteria, which the authors describe.

Application to Cable : Yes
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Gardner, J.B. and Shook, T.A.

Status and Prospective Application of Methodologies from an EPRl Sponsored Indenter

Test Project

Proceedings: Workshop on Power Plant Cable Condition Monitoring, EPRl EUNP/CS-5914-SR, July 1988.

9 Pages, 0 References

AUTHOR’S ABSTRACT:

f© EPRl 1988, reproduced with permission from the EPRl publication identified above.)

This report summarizes very briefly the progress that has been made in developing a

methodology and prototype device for nondestructive assessment of cable aging by use

of indent deformation. The major thrust will be discussion of the areas of and the

advantages and limitations in the application for cable condition monitoring.

REVIEWS:

Technology : Indentation

Remarks :

• Status report, promising results

• Look for further development

Criteria for Aging Assessment :

• No correlation established at this stage

Application to Cable : Yes
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Gillen, K.T. and Clough, R.L.

Predictive Aging Results for Cable Materials in Nuclear Power Plants

Sandia Report SAND90-2009 UC-523, November 1990

AUTHOR’S ABSTRACT:

In an earlier report, we derived a time-temperature-dose rate superposition methodology,

which, when applicable, can be used to predict cable degradation versus dose rate,

temperature and exposure time. In this report, we provide a more detailed discussion of

the methodology and apply it to data obtained on a number of additional nuclear power
plant cable insulation (a hypalon, a silicone rubber ant two ethylene-tetrafluorethylenes)

and jacket (a hypalon) materials. Based on a combination of the modelling and long-term

results, we find indications of reasonably similar degradation responses among several

different commercial formulations. Finally, to aid utilities in their cable life extension

decisions, we utilize our modelling results to generate lifetime prediction cun/es for the

materials modelled to date.

REVIEWS:

Technology : Accelerated aging

Remarks :

• Tests made on insulation materials stripped from representation cables

• Aging under long-term exposure conditions.

• See SAND 88-0754 UC-78 for "earlier report"

Criteria for Aging Assessment :

• Tensile strength and elongation.

Application to Cable : Yes, for basic insulation characteristics.
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Gillen, K.T. and Clough, R.L

Time-Temperature-Dose Rate Superposition: A Methodology for Predicting Cable
Degradation Under Ambient Nuclear Power Plant Aging Conditions

Sandia Report SAND88-0754 UC-78, August 1988.

AUTHOR’S ABSTRACT:

Time-temperature superposition is an empirical approach that has been used in polymers

for more than 30 years to make thermal aging predictions at experimentally inaccessible

times. Given the historical success of time-temperature superposition, we have expanded
this approach for combined radiation-thermal environments, yielding an empirical

time-temperature-dose rate shifting procedure. The procedure derives an isothermal

curve for a given amount of material damage versus dose rate at a selected reference

temperature dose-rate data to superpose when shifted to the reference temperature. For

two materials, extrapolated predictions based on the superposed data were found to be
in excellent agreement with 12-year, low-dose rate nuclear power plant results.

REVIEWS:

Technology : Accelerated aging

Remarks :

• Tests made on insulation materials stripped from representative cables.

• Aging under long-term exposure conditions.

• See SAND90-2009 UC-523 for update of the project.

Criteria for Aging Assessment :

• Tensile strength and elongation

Application to Cable : Yes, for basic insulation characteristics
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Goffaux, R.

On the Nature of Dielectric Loss in High-Voltage Insulation

IEEE Transactions on Electrical Insulation, Vol. El-13, pp. 1-8, No. 1, February 1978.

8 Pages, 20 References

AUTHOR’S ABSTRACT:

f© IEEE 1978, reproduced with permission from the IEEE publication identified above.)

Experimental observations have been made on resin samples containing one single cavity

and on micaceous high voltage insulations. The results conflict with the generally

accepted mechanism of voltage variation of the electrical characteristics of such samples,

which mechanism is based on the influence of internal partial discharges.

One different dissipative mechanism, namely the interfacial polarization or

Maxwell-Wagner effect, is considered to fit these observations on a semi-quantitative basis.

It takes into account the increase of the electrical conductivity of the surfaces struck by

partial discharges, and the increase of the resistivity of the solid part of the insulation during

its aging under voltage.

The relative contribution of these two mechanisms to the variation of the loss with applied

voltage is influenced by voltage, temperature, frequency and of course, by the nature of

the materials.

According to the proposed model, the significance of some test specifications which

considerthe variation with applied voltage, of electrical properties of HV insulations, should

be reconsidered.

REVIEWS:

Technology : Partial discharge side effects

Remarks :

• Raises questions on side effects

• Does not provide direct assessment of residual life

Criteria for Aging Assessment :

• None

Application to Cable : Not directly
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Gradin, LP.

Assessment of Nuclear Power Plant Cable Practices to Assure Cable Serviceability

Electric Power Research Institute, Project RP2814-8, June 1988.

8 Pages, No References

AUTHOR’S ABSTRACT:

f© EPR1 1988, reproduced with permission from the EPRI publication identified above.)

Despite the apparent quantity of industry standards, clear guidelines do not exist for

determining an appropriate degree of low voltage power, control or instrumentation cable

surveillance and testing in general industry. In addition, appropriate guidelines for in-situ

tests on safety-related cables or for using the results of these in-sItu tests to evaluate the

cable for remaining qualified life or confirmation that qualification remains intact is

unavailable. This lack of guidance may or may not be a concern in relationship to the

success of actual existing cable practice.

REVIEWS:

Technology : Review of existing practice

Remarks :

• This document is a draft outline

• Further information when the final report is issued should provide useful perspective.

Criteria for Aging Assessment :

• None

Application to Cable : Yes
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Gradin, L.P.

Evolutionary Development of Industry Standards Related to Cable and Present

Standards Activities for Cable Condition Serviceability Determination

Proceedings: Workshop on Power Plant Cable Condition Monitoring, EPRI EL/NP/CS-5914-SR, July 1988.

1 1 Pages, 0 References

AUTHOR’S ABSTRACT:

f© EPR1 1988, reproduced with permission from the EPRI publication identified above.)

This paper presents information describing the evolution of industry standards related to

power plant cable condition determination, primarily in the nuclear power industry. The
emphasis is placed on nuclear plants due to the special requirements to assure safety

system equipment operability or serviceability to protect the health and safety of the public

from nuclear accidents. Included are questions for resolution regarding cable

serviceability, potential issues for research activity by various organizations, and a

discussion of the Institute of Electrical and Electronics Engineers standards activities now
in progress.

REVIEWS:

Technology : A review of standards

Remarks :

• Perspective from industry.

• A check list of relevant questions

Criteria for Aging Assessment :

• None

Application to Cable : Yes
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Gradin, L.P. and Sorenson, R.M.

Electrical Standards Development Activities for Nuclear Power Plant Maintenance

IEEE Transactions on Nuclear Science, Vol. 33, No. 1, February 1986.

AUTHOR’S ABSTRACT:

f© IEEE 1986, reproduced with permission from the IEEE publication identified above.)

This paper presents information describing the concern for nuclear power plant electrical

equipment maintenance and the IEEE Nuclear Power Engineering Committee’s method

to address that concern. That method includes the creation of Working Group 3.3,

"Maintenance Good Practices" which is developing specific maintenance good practice

documents, supporting technical information exchange, and providing a vehicle to

promote practices which can reduce cost and enhance plant safety.

REVIEWS:

Technology : Standards development

Remarks :

• Status report from recently created working group on maintenance practices.

Criteria for Aging Assessment :

• None

Application to Cable : Not directly, no technical content
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Harrold, R.T.

Ultrasonic Spectrum Signatures of Under-Oil Corona Sources

IEEE Transactions on Electrical Insulation, Vol. El-10, pp. 109-1 1 1 ,
No. 4, December 1975.

8 Pages, 7 References

AUTHOR’S ABSTRACT:

f© IEEE 1975, reproduced with permission from the IEEE publication identified above.)

Ultrasonic techniques are useful for the detection and location of partial discharge or

corona sources associated with HV power apparatus, particularly oil-filled power
transformers. Measurements are commonly made using narrow-band transducers

operating in the frequency range from 20 to 300 kHz, and occasionally at higher

frequencies for which there is little published information. Because of the lack of available

data on the spectra of ultrasonic emissions from discharges in oil-insulation systems, an

investigation was initiated to determine if there was an optimum measuring frequency and

whether discharges could be identified by their spectral characteristics.

It was discovered that insulation voids and gap-type discharges, for example, have clearly

identifiable ultrasonic frequency characteristics, and the actual physical size of voids may
be estimated from their frequency spectra.

REVIEWS:

Technology : Signature analysis

Remarks :

• Concerns corona detection in large, tank-enclosed apparatus.

Criteria for Aging Assessment :

• None

Application to Cable : No
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Harrold, R.T.

The Relationship Between Ultrasonic and Electrical Measurements of Under-Oil Corona
Sources

IEEE Transactions on Electrical Insulation, Vol. EI-1 1 , pp. 8-1 1 ,
No. 1 ,

March 1976.

4 Pages, 3 References

AUTHOR’S ABSTRACT:

f© IEEE 1976, reproduced with permission from the IEEE publication identified above.)

In order to predict the usefulness of ultrasonic techniques for detection and locating

transformer coronas or partial discharges, it is necessary to determine the relationship

between electrical and ultrasonic values of different coronas within an unobstructed oil

environment.

Experiments are reported on typical corona sources, ranging from 5 to 1 00 000 pC, were

energized within an oil-filled transparent tank and the ultrasonic emissions recorded via a

transducer on the tank outer wall. Several distinct modes, changing with magnitude, of

the oil discharges were observed.

REVIEWS:

Technology : Signature analysis

Remarks :

• Concerns corona detection in large, tank-enclosed apparatus

Criteria for Aging Assessment :

• None

Application to Cable : No
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Harrold, R.T.

Acoustics Waveguides for Sensing and Locating Electrical Discharges in High Voltage

Power Transformers and Other Apparatus

IEEE Transformer Comm, of the IEEE Power Engineering Society, November 1977.

8 Pages, 27 References

AUTHOR’S ABSTRACT:

f© IEEE 1977, reproduced with permission from the IEEE publication identified above.)

For safety and convenience, ultrasonic corona sensors are mounted on the outer surface

of power transformer tanks, and consequently, can only receive ultrasound from internal

electrical discharges after attenuation through the oil and tank wall. In order to reduce

this attenuation and maximize the detected signal, it was thought that low-loss acoustic

waveguides would be helpful as a means to transmit the ultrasonic emissions from internal

discharges to an external sensor. To assess the feasibility of this idea, the attenuation and

frequency characteristics of the several forms of guides were determined by measuring

the acoustic emissions from sparks in air and oil.

Pyrex glass and epoxy-fiberglass rods, as well as fiberglass optical guides function as

low-loss ultrasonic waveguides. Also, these can be bent around corners in both oil and

air, and pass from oil to air without additional loss of the transmitted signal. The use of

these guides would increase the sensitivity of transformer ultrasonic corona sensors by

an order of magnitude. Also, during the study, it was discovered that a single continuous

waveguide with acoustic sensors at each terminal, has the property of receiving acoustic

waves at any point along its surface and transmitting a response to the sensors.

Consequently, a discharge location can be estimated from the difference in arrival time of

the terminal signals, and it is believed that a system of this nature, permanently installed

within a power transformer, would yield as much information as numerous internal sensors.

REVIEWS:

Technology : Acoustic measurements on spark noise

Remarks :

• Addresses detection of discharges in large equipment contained in tanks.

• An idea is expressed that fiber optic light guide could be used, implying that other

equipment (e.g., cables) could benefit from this method. It is not clear how a light

guide could be incorporated in a cable structure.

Criteria for Aging Assessment :

• None

Application to Cable : No
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Harrold, R.T

Acoustic Waveguide Technique for Sensing Incipient Faults in Underground Power
Transmission Cables

Seventh Quarterly Report, June 1980.

REVIEWER’S COMMENT:

This paper is a periodic contractor’s report which does not provide conclusions.

Interest^ researchers may wish to contact the Department of Energy, sponsor of the

program, under Contract Number ET-78-C-0 1-2867.
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Hedvig, P.

Dielectric Relaxation Phenomena Experimental Aspects

IEEE Transactions on Electrical Insulation, Vol. El-19, pp. 371-388, No. 5, October 1984.

1 7 Pages, 84 References

AUTHOR’S ABSTRACT:

f© IEEE 1984, reproduced with permission from the IEEE publication identified above.)

Recent developments in the experimental methods of dielectric spectroscopy are

reviewed, and illustrative examples are presented. Besides time domain and frequency

domain methods, experiments performed as a function of the temperature are also

discussed, especially thermally-stimulated techniques. Besides the dielectric methods,

the most important related techniques, e.g., mechanical spectroscopy, thermally

stimulated creep and recovery, and nuclear magnetic resonance methods, are also

reviewed briefly because they are very often combined with dielectric spectroscopy.

Some useful macroscopic autocorrelation functions are mentioned and discussed in

detail.

REVIEWS:

Technology : General review

Remarks :

• This is a general review article on dielectric relaxation measurements, primarily at

audio frequency, and related phenomena such as NMR and mechanical relaxation.

• The review is wide ranging, but not always critical or complete.

Criteria for Aging Assessment :

• None

Application to Cable : Yes, but no in-situ tests are described
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Helbert, H.J. et. al.

TMI-2 Cable/Connections Program

FY-84 Status Report, GEND-INF-056, EGG&G Idaho, Inc., Idaho Falls, ID, September 1984.

99 Pages, 1 Reference

AUTHOR’S ABSTRACT:

This report documents the efforts to date by the Department of Energy to assess the

condition of the electrical channels within the Reactor Building at Three Mile Island Unit

two (TMI-2) as affected by the accident of March 28, 1979. It focuses primarily on the

results to date of the initial in situ test phase where 567 channels were examined electrically

from outside the Reactor Building. This in situ testing, completed in June 1984, was
designed to economically sample a large number of channels in order to obtain a

statistically valid assessment of the condition of the electrical channels within the TMI-2

Reactor Building. The in situ data analysis will be complete in 1985, but sufficient

information has been compiled in this report to demonstrate that a damage assessment

of the electrical channels can be made. In addition, the data supports the theory that had

a basic pre-accident data base been available for the electrical channels, this damage
assessment would have been highly effective and speedy.

REVIEWS:

Technology : ECCAD tests

Remarks :

• Presents data from measurements at Three Mile Island on 233 cable channels, with

conclusions on expected operability.

• See the Meininger papers for description of test methods.

Criteria for Aging Assessment

• Comparison of ECCAD results between new and used cable connections.

Application to Cable : Yes
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Hikita, M., Yamada, K., Nakamura, A., MizutanI, T., Oohasi, A., and leda, M.

Measurements of Partial Discharges by Computer and Analysis of Partial Discharge

Distribution by the Monte Carlo Method

IEEE Transactions on Electrical Insulation, Vol. 25, No. 3, June 1990.

16 Pages, 15 References

AUTHOR’S ABSTRACT:

f© IEEE 1990, reproduced with permission from the IEEE publication identified above.)

An attempt is made to elucidate the mechanism of partial discharge (PD) occurring in the

CIGRE Method II (CM-II) electrode system, which is a representative closed-void model

system. We developed a computer-aided PD measuring system. This allows us to obtain

phase information of all PD pulses, together with their amplitudes, so that a statistical

analysis of these data can be discussed. Measurements of PD are made for the CM-II

electrode system. Effects of the pressure and gas inside the void on the PD are examined.

Taking into account the experimental results, we propose a model for the PD mechanism.

This model assumes that the statistical time lag of discharge depends on the oven/oltage

and that the residual voltage depends on the PD magnitude. A Monte Carlo simulation of

the PD distribution is made on the basis of this model. The computed results agree well

with the experimental data and the appearance of swarming pulsive micro discharges.

The physics of the model also are discussed.

REVIEWS:

Technology : Partial discharge on laboratory electrode system.

Remarks :

• A basic study of the physics of partial discharge phenomena.

• Does not provide direct application to in-situ cable testing.

Criteria for Aging Assessment :

• None

Application to Cable : Not a direct application
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Hiyama, S.

Testing Methods for Power Cable Insulation

IEEE Transactions on Electrical Insulation, Vol. El-21, pp. 1051-1056, No. 6, December 1986.

6 Pages, No References

AUTHOR’S ABSTRACT:

(© IEEE 1986, reproduced with permission from the IEEE publication identified above.)

Testing methods for power cable insulation depend basically on type and material of cable

insulation. Cross-linked polyethylene (XLPE) is now spreading widely for power cable

insulation at the rated voltage of 66 to 154 kV world-wide, and especially in Japan many
275 kV lines have already been put in service. Typical conventional power cable insulation

is oil-impregnated paper which is used mainly for oil-filled cable above 66 kV in many
countries, including Japan. Testing methods for both of these types of power cables in

Japan are introduced here in comparison with those prevailing in the USA together with

the reason for each testing method or condition. In general, there is no fundamental

difference between testing methods in Japan and in the USA. However, test voltages are

decided by the insulation thickness and the specified stress in the USA., while test voltages

in Japan are given directly by the rated voltage. Tests described here cover factory tests

to be made at the time of delivery, acceptance tests after installation at site, and
maintenance tests to be made during operation.

REVIEWS:

Technology : Breakdown Testing, examination of sacrificial samples

Remarks :

• Describes factory tests on new cable including withstand test voltage, partial

discharge, and examination of specimens cut-off from insulation.

• Provides comparison between Japanese and U.S. practices.

• Brief discussion of maintenance tests does not provide detailed information

applicable to in-situ tests methods.

Criteria for Aging Assessment :

• A list of test procedures is given, but no criterion is specified.

Application to Cable : Yes, but only high voltage
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Hopkinson, R.

Better Surge Protection Extends URD Cable Life

IEEE Insulated Conductors Committee of the lEEE/PES 1984 Transmission and Distribution Conference,

April 1984.

7 Pages, 15 References

AUTHOR’S ABSTRACT:

f© IEEE 1984, reproduced with permission from the iEEE publication identified above.)

Many utilities are replacing URD cables after 10 to 15 years of sen/ice despite an original

life expectancy of three times that. There is compelling evidence that part, at least, of the

problem is lightning surges. Test data confirms that impulse voltages less than the

breakdown value can cause partial breakdown and eventual failure. The progressive

weakening of cable insulation by these surges can be greatly retarded by using surge

arresters with the superior protective characteristics of zinc oxide technology. These same
arresters protect in the conventional manner. Field experience suggests that protective

margins of at least 100 percent are needed based on rated cable BIL The zinc oxide

arresters can provide this.

REVIEWS:

Technology : Insulation breakdown

Remarks :

• Evaluation of the protection by surge arresters of 12-34 kV cables by dielectric

breakdown

Criteria for Aging Assessment :

• Breakdown level changes

Application to Cable : Not directly
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Hund, R., Pfeiffer, W., Reinhard, H., and Scheuerer, F.

Partial Discharge Testing of Components for Low-voltage Equipment at High

Frequencies

Proceedings, IEEE Conference on Electrical Insulation and Dielectric Phenomena, 90 CH 29 19-9, October
1990.

6 Pages, No References

AUTHOR’S ABSTRACT:

f© IEEE 1990, reproduced with permission from the IEEE publication identified above.)

This paper deals with the measurement of partial discharges (PD) at high frequency

working voltages. It shows how test voltages of rather high frequency (up to 100 kHz)

with a maximum peak value of 6kVp can be generated. The PD test method at these

frequencies is also described. Test results for optocouplers and coated printed circuit

boards are discussed.

REVIEWS:

Technology : Partial discharge

Remarks :

• Decribes the measurement of effects on various electronic components, not cables.

• Measurements are made in a shielded room environment.

Criteria for Aging Assessment :

• None

Application to Cable : No
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NISTIR -

Ito, I., Ito, M., Ehara, Y., Kishida, H., Jogan, K. and Hamman, MSAA
Statistical Analysis of Partial Discharge Aging of Insulating Materials

Proceedings, IEEE Conference on Electrical Insulation and Dielectric Phenomena, 90 CH 2919-9, October
28-31, 1990.

6 Pages, No References

AUTHOR’S ABSTRACT:

f© IEEE 1990, reproduced with permission from the IEEE publication identified above.)

The diagnostic method for determining the degree of deterioration of insulating materials

by measuring a partial discharge has been noticed to predict the ultimate insulation

breakdown. In this research, we studied the phase area analysis of discharge magnitude

distribution. And the new two parameters G and C are proposed that indicates Swarming
Pulsive Micro Discharge (SPMD) as the main prebreakdown mode. It Is confirmed that

these two parameters are effective to predict the breakdown.

REVIEWS:

Technology : Partial discharge

Remarks :

• Proposes a method for predicting ultimate failure of insulation on the basis of a

pulse height analysis

• Test samples are insulation sheets with artificial defect (WA) no cables

Criteria for Aging Assessment :

• None

Application to Cable : Not directly
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Ito, T., Jogan, K., Saito, T., and Ehara, Y.

Phase Analysis of Discharge Magnitude Distribution Inside a Small Void and its

Applications to Diagnosis of Deteriorating Insulations

1989 Annual Report, IEEE Conference on Electrical Insulation and Dielectric Phenomena, November 1989.

AUTHOR’S ABSTRACT:

f© IEEE 1989, reproduced with permission from the IEEE publication identified above.)

This research has been conducted to predict a breakdown phenomenon of the electrical

equipment due to the deterioration of insulation. The degree of deterioration of breakdown
of insulating system was predicted from the distribution of the induced electric charges

inside small voids in an insulator - the discharge magnitude distribution. The discharge

magnitude distribution was measured by a special internal-discharge-pulse-

measurement-system which could analyze it according to the phase area of the applied

AC 50 Hz voltage. In this paper, we analyzed the insulating materials with an artificial

micro-void. The density and the growing speed of the trees in an insulator will be analyzed

in terms of the discharge magnitude distributions.

REVIEWS:

Partial discharge

Remarks :

• Tests made on laboratory cell

• Short-term prediction of failure

Criteria for Aging Assessment :

• None

Application to Cable : No
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Jabs, R.H. and Gangloff, W.C.

Operational Implication of Qualification Tests of Class 1E Electrical Components for Mild

Environments

IEEE Transactions on Energy Conversion, Vol. EC-1, pp. 27-29, No. 2, June 1986.

3 Pages, 3 References

AUTHOR’S ABSTRACT:

f© IEEE 1986, reproduced with permission from the IEEE publication identified above.)

This paper presents information regarding a program of accelerated aging and seismic

testing of electrical and electronic components used in safety related equipment which is

located in mild environment areas of a nuclear power plant. The test methodology is

responsive to IEEE Std. 323-1974 and IEEE Std. 344-1975 for Class IE electrical

equipment. The methods used in accelerated aging and seismic testing of the elemental

components (capacitors, potentiometers, integrated circuits, etc.) are described and

results are presented on a mix of such components which have been tested to various

equivalent lives. The operational implications of this program are also discussed.

REVIEWS:

Technology : Artificial aging and seismic tests

Remarks :

• Does not concern cable, but other components

Criteria for Aging Assessment :

• IEEE Std. 323

• IEEE Std. 344

Application to Cable : No
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Jacobs, P.T.

Aging Systems Interaction Studies: In-Depth Engineering Studies of Selected Systems

IEEE Transactions on Nuclear Science, Vol. NS-34, No. 1, pp. 558-561, February 1987.

4 Pages, 9 References

AUTHOR’S ABSTRACT:

f© IEEE 1987, reproduced with permission from the IEEE publication identified above.)

A research program sponsored by the U. S. Nuclear Regulatory Commission to investigate

the aging impact on nuclear plant safety is described. The program progress to date is

summarized and plans for FY-1987 and beyond are discussed.

REVIEWS:

NPAR programs

Remarks :

• An overall description of the Nuclear Plant Aging Research (NPAR).

• No specific information on test methods.

Criteria for Aging Assessment :

• None, but the paper emphasizes the importance of plant records, and thus is an

endorsement of trend data assessment on detecting incipient defects.

Application to Cable : Not specific
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Jacobs, P.T.

An Evaluation of Information Sources and Requirements for Nuclear Plant-Aging

Research with Life-Extension implications

IEEE Transactions on Nuclear Science, Vol. NS-34, pp. 571-575, No. 1, February 1987

AUTHOR’S ABSTRACT:

f© IEEE 1987, reproduced with permission from the IEEE publication identified above.)

Information requirements for plant-aging and life-extension research are discussed.

Various information sources that have been used in plant-aging studies and reliability

assessments are described. Data-base searches and analyses were performed for a

specific system using several data bases and plant sources. Comments are provided on

the results using the various information sources.

REVIEWS:

Technology : An overview of data bases

Remarks :

• Provides an overview of available data bases as a lead to further inquiries.

• Caution is urged by the author on recognizing limitation of data bases due to

diversity of sources and voluntary aspects of some reports.

Criteria for Aging Assessment :

• None specific

Application to Cable : Yes, as a small part of total plant
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Jacobus, M.J.

Condition Monitoring and Aging Assessment of Class 1 E Cables

Sixteenth Water Reactor Safety Information Meeting, Proceedings of the U.S. Nuclear Regulatory

Commission, NUREG/CP-0097, October 1988.

20 Pages, 19 References

AUTHOR’S ABSTRACT;

Sandia National Laboratories is currently conducting long-term aging research on
representative samples of nuclear power plant class 1 E cables. The objectives of this

program are to determine the suitability of these cables for extended life (beyond 40 year

design basis) and to assess various cable condition monitoring (CM) techniques for

predicting remaining cable life. The cables are being aged for long times at relatively mild

exposure conditions with various CM techniques being employed during the aging

process. Following the aging process, the cables will be exposed to a sequential accident

profile consisting of high dose rate Irradiation followed by a simulated design basis

loss-of-coolant accident (LOCA) steam exposure.

REVIEWS:

Technology : Several techniques are used, including breakdown voltage,

tensile strength and elongation, modulus profiling, hardness
testing, bulk density, visual appearance, and others.

Remarks :

• Description of a test program for accelerated aging of (12) types of cables used in

nuclear power plants.

• Description of the experimental procedure, with emphasis on the insulation

resistance measurement.

• The paper is a preliminary report. Subsequent reports, beyond the date of this

review should be monitored.

Criteria for Aging Assessment :

• Exposure to LOCA condition

Application to Cable : Yes
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James, R.E., Trick, B.T., Phung, B.T., and White, P.A.

Interpretation of Partial Discharge Quantities as Measured at the Terminals of HV Power
Transformers

IEEE Transactions on Electrical Insulation, Vol. El-21
, pp. 629-638, No. 4, August 1986.

10 Pages, 26 References

AUTHOR’S ABSTRACT:

f© IEEE 1986, reproduced with permission from the IEEE publication identified above.)

The paper discusses the application of signal processing techniques in the interpretation

of partial discharge (PD) pulses as detected at the terminals of power transformers.

Special consideration is given to the concept of PD energy and to the effect of waveshapes.

Exampies are inciuded of FFT analyses of PD waves as stored in digitized transient

recorders during HV tests. The possibie relevance of the frequency spectra in the

assessment of dielectric damage is considered, together with associated circuit effects.

A predominant factor in transformer testing is still the need for satisfactory PD location

methods: a description is given of experimental techniques using conventional discharge

detectors and a computer-based measurement system.

REVIEWS:

Technology : Partial discharge and signal processing

Remarks :

• The test method was developed for transformer tests; hence, many constraints or

limitations discussed at length in the paper are not relevant to cable.

• Some rise times are quoted as greater than 2 //s, which seems high and thus casts

doubt on applicability to cable.

Criteria for Aging Assessment :

• None

Application to Cable : Not directly
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Jeppeson, D.

Equipment Qualification Testing Methodology at Sandia Laboratories

NUREGICP-0041 Vol. 5, U.S. Nuclear Regulatory Commission, NBS, Gaithersburg, MD, October 1982.

1 1 Pages, 3 References

AUTHOR’S ABSTRACT:

To date, three series of tests have been completed. The first two tests, using States

Company sliding U-link terminal blocks, and a D. G. O’Brien electrical penetration

assembly as test specimens, were conducted as part of the QTE program before the EQRT
program was established. The third test series included cable insulation tests, and aging

and accident tests on General Electric and Rockbestos electrical cable specimens.

REVIEWS:

Technology : Insulation resistance measurements after LOCA simulation

Remarks :

• Separate test results given on mechanical properties (elongation, tensile) and on

insulation resistance.

• No correlation is presented between mechanical and electrical.

• Large decrease of insulation resistance are cited, but no prediction is presented on
remaining life.

• Further work at Sandia can be expected to provide new information.

Criteria for Aging Assessment :

• None at this stage (1982) of the work

Application to Cable : Yes (also test on penetration)
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Jocteur, R.

New Developments in the Field of High Voltage and Extra-High Voltage Cables

IEEE Transactions on Power Delivery, VoL 5, No. 2, April 1990

5 Pages, 9 References

AUTHOR’S ABSTRACT:

f© IEEE 1990, reproduced with permission from the IEEE publication identified above.)

In this paper, the author presents the developments in progress at the present time in

FRANCE concerning the High Voltage (HV) and Extra-High Voltage (EHV) cables with

synthetic insulation and their accessories up to the 500 kV range.

The on-going studies should allow to bring the maximum operating field strength for

crosslinked polyethylene (XLPE) insulation from 7 to 10 kV/mm (180 to 255 V/mil) and

cables could be manufactured more economically with this material.

REVIEWS:

Technology : Review of high voltage cable and associated hardware.

Remarks :

• Uses a "pass" criterion for ac and impulse tests on new cable samples.

• Not applicable to in-situ tests for detecting incipient defects due to aging.

Criteria for Aging Assessment :

• None

Application to Cable : No
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Jonscher, A.K. and Ramdeen, T.

Transient Dielectric Response of Conduction on Humid Mica

IEEE Transactions on Electrical Insulation, Vol. El-22, pp, 35-39, No. 1, February 1987.

5 Pages, 1 1 References

AUTHOR’S ABSTRACT:

f© IEEE 1987, reproduced with permission from the IEEE publication identified above.)

In a study aimed at elucidating the physical nature of the widely observed low-frequency

dispersion (LFD) in carrier-dominated dielectrics, we report a study of the time

dependence of surface conduction on humid mica in relation to the ambient humidity and
the amplitude of the step-function voltage. This system shows clear LFD behavior in the

frequency domain and is known to be nonlinear with voltage. Surface conduction along

the cleavage planes on humid mica is reported to have a time dependence fully consistent

with LFD, but while the charging current is proportional to the applied voltage less an

internal EMF of approximately IV, the discharge current is voltage-independent. The
behavior is shown to be fully consistent with a model involving a secondary battery,

probably arising at the mica-aluminum contact, and an internal humidity-dependent

surface resistance. The results clearly confirm the validity of the earlier assumption that

the LFD phenomena are related to electrochemical interactions and cannot be reconciled

with normal electrostatic charge and energy storage. The model explains the enormously

high low-frequency capacitances observed in many LFD systems.

REVIEWS:

Technology : Insulation, general

Remarks :

• A study of dielectric properties that does not relate directly to cable.

• Does not describe measurement techniques applicable to cable systems.

Criteria for Aging Assessment :

• None

Application to Cable : No
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Kaneko, T.

Thermal Aging

IEEE Transactions on Electrical Insulation, Vol. El-21, pp. 907-911, No. 6, December 1986.

4 Pages, 12 References

AUTHOR’S ABSTRACT:

f© IEEE 1986, reproduced with permission from the IEEE publication identified above.)

In Japan, study on thermal aging of insulating materials and investigation of testing

methods for thermal endurance were begun by T. Akahira’s pioneering theoretical and

experimental work in 1 925. From 1 957, Y. Saito and his co-workers had published papers

describing a short-time testing method for thermal endurance by mass spectrometry. A
new theory and method for analyzing thermal analysis were founded by T. Akahira and T.

Sunose, while another theory and method were set forth by T. Ozawa. These theories,

which are applied to results obtained under changing temperature conditions, have

contributed comparison of test results obtained at different temperatures by conventional

testing method and also to analyze the aging phenomena under changing temperature

that is near to actual conditions. In general, thermal aging is affected by concentrations

of oxygen and products in the reaction region. Therefore, there are attempts to elucidate

diffusion phenomena in aging reactions. These studies have been progressing by mutual

influence, and will do so in the future.

REVIEWS:

Technology : Thermal aging

Remarks :

• Provides a survey of Japanese research on thermal analysis and accelerated aging

of insulation. The citations are too brief for comment and seem centered on such

materials as varnish. These are not electrical tests.

Criteria for Aging Assessment :

• No specific information

Application to Cable : No
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Kasturi, S.S. and Litchfield, S.

Cable Condition Monitoring Program at Perry Nuclear Power Plant

Proceedings: Workshop on Power Plant Cable Condition Monitoring, EPRI EL/NPICS-5914-SR, July 1988.

6 Pages, 0 References

AUTHOR’S ABSTRACT:

f© EPR1 1988, reproduced with permission from the EPRI publication identified above.)

Degradation of polymeric materials, particularly cable insulation materials due to aging

effects have long been a concern in the nuclear power industry. Industry qualification

testing programs and research testing by the national laboratories have attempted to

resolve this concern through design basis event tests proceded by simulated aging. As
a final step in resolving this concern through a systematic and disciplined technical

program, Cleveland Electric Illuminating Co., (CEI) in 1983, initiated a long term in-situ,

cable condition monitoring program at its Perry Nuclear Power Plant (PNPP). This paper

provides a snap shot of this program as of today.

REVIEWS:

Technology : Natural aging

Remarks :

• Long-range study of various samples under a range of natural conditions in a power
plant

• First set of samples scheduled for removal in 1993

Criteria for Aging Assessment :

• Tensile strength

• Elongation

Application to Cable : Yes
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Katz, C., Walker, M., and Dyndul, J.

Comparative Evaluation by Laboratory Aging of 15 and 35 KV Extruded Dielectric Cables

IEEE Transactions on Power Delivery, Vol. 5, No. 2, April 1990

9 Pages. 7 References

AUTHOR’S ABSTRACT:

f© IEEE 1990, reproduced with permission from the IEEE publication identified above.)

The authors in two independent investigations of 15 and 35 kV cables show that judging

cables by their unaged voltage breakdown characteristics alone can be very misleading

and that from a voltage breakdown point of view water tree length is more influential than

number of water trees.

REVIEWS:

Technology : Evaluation of aging characteristics.

Remarks :

• A study of accelerated aging that uses ac and impulse breakdown as aging criterion.

• Not applicable for in-situ nondestructive test.

Criteria for Aging Assessment :

• Tree length

Application to Cable: Not as non-destructive
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Kelen, A.D.

Aging of Insulation Materials and Equipment in Service and in Test

IEEE Transactions on Electrical Insulation, Vol. El-12, pp. 55-60, No. 1, February 1977.

6 Pages, 9 References

AUTHOR’S ABSTRACT:

f© IEEE 1977, reproduced with permission from the IEEE publication identified above.)

After a discussion of the concepts of aging of insulations and of the endurance of insulating

materials, the importance of verifying the relevance of aging to insulation failure in

equipment is pointed out. Information regarding frequency distributions of service stresses

and of the stress dependence of insulation strength is aiso required. After a discussion of

aging versus changes of property, problems of evaluating the endurance of insulating

materials, functional testing of insulation systems, and of the acceptance testing of

equipment insulation are briefly reviewed. The paper concludes by recommending certain

areas which should be studied in order to improve rational, consistent and economic
evaluation methods.

REVIEWS:

Technology : General considerations on insulation

Remarks :

• A philosophical essay on the problem of insulation test and evaluation. Does not

contain novel methods but presents an approach to long term research in the field.

Criteria for Aging Assessment :

• No specific information, but a list of desirable attributes

Application to Cable : Yes, as general information only
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Knapp, C.H., Bansal, R., Mashikian, M.S., and Northrop, R.B.

Signal Processing Techniques for Partial Discharge Site Location in Shielded Cables

IEEE Transactions on Power Delivery, Vol. 5, No. 2, April 1990

7 Pages, 7 References

AUTHOR’S ABSTRACT:

f© IEEE 1990, reproduced with permission from the IEEE publication identified above.)

Partial Discharge signals are often contaminated by noise and undergo substantial

attenuation and phase change as they travel through the cable and the detection system.

Moreover, overlap of two successive pulses is possible if the PD site is close to a cable

end. This paper describes and illustrates two techniques - maximum likelihood estimation

and deconvolution - for extracting pulse separation from such a time series of noisy and

ambiguous signals. Both real and simulated measurements are used to demonstrate the

potential of these methods. A procedure whereby knowledge of the combined
cable-instrumentation transfer function can be incorporated into the maximum likelihood

technique is also discussed.

REVIEWS:

Technology : Partial discharge with signal processing techniques.

Remarks :

• Presents a signal processing technique (Multiple Likelihood) that can cope with the

problems of pulse overlap and successive pulse widening.

• See the companion paper by Mashikian, Bansal, and Northrop.

Criteria for Aging Assessment :

• None

Application to Cable : Yes.
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Kohno, I., Yanokura, M. Motonaga, S., Kamitsubo, H., Yatsuhashi, M.,

Suematsu, T., and Kobayashi, H.

Effects of the Fast Neutron Irradiation of Cable Materials

IEEE Transactions on Nuclear Science, Vol. 33, No. 1, February 1986

4 Pages, 3 References

AUTHOR’S ABSTRACT:

f© IEEE 1986, reproduced with permission from the IEEE publication identified above.)

The deterioration curve of cable materials affected by fast neutron having a mean energy

of 5 MeV was investigated. No special intense deterioration of difference from that of

gamma-ray was recognized with four kinds of cable materials as a result of this irradiation

up to the total absorbed dose of 1.5 x 10® Gy, and the deterioration tendency was
equivalent to that of gamma-ray.

REVIEWS:

Technology : Accelerated aging

Rennarks :

• Test performed on material samples (sheet stock), not cables

Criteria for Aging Assessment :

• Volume resistivity

• Elongation

Application to Cable : Not directly
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Kreuger, F.H. and Bentvelsen, P.A.C.

Breakdown Phenomena in Polyethylene Insulated Cable

CIGRE paper 21-05, September 1972.

7 Pages, 2 References

REVIEWER’S SUMMARY:

The authors describe two novel techniques: the first technique eliminates defects in the

usual semi-conducting electrode as a cause of breakdown, so that breakdown originating

in the dielectric can be studied separately. The second technique reduces the damage
caused by breakdown, resulting in a narrow breakdown path so that the physical causes

of breakdown can be studied. Results support the opinion that breakdown of an extruded

polyethylene dielectric is not caused by intrinsic properties of the polyethylene, but by

defects; either in the dielectric, where fibers play an important role; or by defects in the

interface between semi-conducting layer and dielectric. In many other tests (needle tests,

discharge-endurance tests, etc.) there remains an uncertainty whether the phenomena in

the test are identical with those in reality.

The statistical approach applied by the authors provides data on mean life (or breakdown
voltage) of the dielectric, as well as the slope of the Weibull-curve which plays such an

important role in the development of extruded dielectrics.

REVIEWS:

Technology : Breakdown studies

Remarks :

• The paper describes tests on materials, not cables

• The test method involves destructive breakdown.

• Note the conclusion stated in the abstract concerning origin of failure.

Criteria for Aging Assessment :

• Ultimate breakdown strength

Application to Cable : No
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Kulkarni, S.V. and Nema, R.S.

Broad Band Pulse Detection Studies of Partial Discharges in Presence of Solid

Dielectrics in SF6-N2 Mixtures

Conference Record of the 1988 IEEE International Symposium on Electrical Insulation, June1 988

AUTHOR’S ABSTRACT:

f© IEEE 1988, reproduced with permission from the IEEE publication identified above,)

Experiments were conducted to detect partial discharge (PD) pulses in presence of solid

dielectrics (PTFE and glass filled epoxy) as well as breakdown pulses in SF6, N2 and
SF6-N2 mixtures under uniform field conditions using a broad band detection system. The

effects of circuit parameters, overvoltages, pressure of the gas and the distance between

electrodes on pulse shapes were studied in detail for various mixture proportions of SF6
in SF6-N2 mixtures. The observed PD pulses are similar to those of breakdown pulses for

longer electrode gaps (0.3 cm). In case of surface discharges the pulses are oscillatory

in nature and inconsistent in shape and magnitude. The effect of saturation in increase in

breakdown voltage of SF6-N2 mixtures with increase in percentage of SF6 (i.e., synergism)

is also observed in the presence of solid dielectric. This synergistic effect is also reflected

in corresponding observed PD pulse shapes.

REVIEWS:

Technology : Partial discharge

Remarks :

• Experimental results from test cells, not cables

Criteria for Aging Assessment :

• None

Application to Cable : Not directly
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Kurlyama, I., Hayakawa, N., Nakase, Y., et. al.

Radiation Resistance of Cable Insulating Materials for Nuclear Generating Stations

IEEE Transactions on Electrical Insulation, Vol. El-13, pp. 164-171, No. 3, June 1978.

8 Pages, 7 References

AUTHOR’S ABSTRACT:

(© IEEE 1978, reproduced with permission from the IEEE publication identified above.)

The radiation resistance of sixteen types of representative rubber and plastic materials for

cable insulation was studied. The endurance of some crosslinked polymers under the

combined environment of thermal aging-radiation-steam (high temperature) was also

examined in relation to the chlorine contents of the base polymer and additives

(antioxidant, vulcanizers, etc.). Crosslinked polyethylene insulation and polyvinyl chloride

jacket cables were tested by the IEEE Std. -383 method. The results showed that those

cables were not satisfactory under loss of coolant accident (LOCA) simulating conditions.

The cables utilizing EP rubber insulation and special chloroprene jacket have been found

to pass the IEEE-383 test.

REVIEWS:

Technology : Cable testing

Remarks :

• All data presented make reference to IEEE 323 and IEEE 383 in effect at the time of

the paper. No detailed information on test methods.

Criteria for Aging Assessment :

• Volume resistivity

• Tensile strength

• Specific gravity

Application to Cable : Yes, but no in-situ test methods are described.
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Kusama, Y., Okada, S., Yoshikawa, et. al.

Methodology Study for Qualification Testing of Wire and Cable at LOCA Conditions

Japan Atomic Energy Research Institute, Takasaki, 370-12, Japan, October 1982.

31 Pages, 18 References

REVIEWER’S SUMMARY:

The authors discuss many factors which influence the deterioration of cable materials in

LOCA environment from the point of view of developing qualification testing of wire and

cable for use in nuclear power generating stations. Among the problems encountered

with LOCA environmental testing, synergism between radiation and LOCA steam spray

environment was studied first by comparing the deterioration by simultaneous, sequential

and reverse sequential exposure of both environments with or without air. Synergism of

heat and radiation was observed under LOCA conditions containing oxygen.

REVIEWS:

Technology : Accelerated aging, in simulated LOCA conditions

Remarks :

• Presents data on effects of mechanical properties, as well as volume resistivity, for

combination of sequential or simultaneous LOCA conditions.

• While the same test conditions were applied in investigating changes of mechanical

and electrical properties, no correlation is presented between mechanical and

electrical properties.

• No details are given of the techniques for Insulation resistance measurements
beyond stating what Instrument was used.

Criteria for Aging Assessment :

• Insulation resistance (volume resistivity)

• Tensile strength, elongation

Application to Cable : Yes
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Kwaaitaal, Th. and van den Eijnden, W.M.M.M.

Dielectric Loss Measurement As a Tool to Determine Electrical Aging of Extruded

Polymeric Insulated Power Cables

IEEE Transactions on Electrical Insulation, Vol. El-22, pp. 101-105, No. 1, February 1987.

5 Pages, 12 References

AUTHOR’S ABSTRACT:

f© IEEE 1987, reproduced with permission from the IEEE publication identified above.)

It is shown that deterioration in the insulation of power cables under high voltage stress

has such influence on the loss tangent of the material that it can be measured with a

sensitive impedance bridge.

REVIEWS:

Technology : Dielectric loss measurement

Remarks :

• The paper reports dielectric loss measurements made with a sensitive ratio bridge,

at audio frequencies, claiming detection capability of tan changes as small as 10’^.

• In their conclusion, the authors state that "further development is necessary to make
optimal advantage of this method."

Criteria for Aging Assessment :

• Loss tangent changes

Application to Cable : Yes
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Laghari, J.R. and Hammoud, A.N.

A Brief Survey of Radiation Effects on Polymer Dielectrics

IEEE Transactions on Nuclear Science, Vol. 37, No. 2, April 1990.

8 Pages, 71 References

AUTHOR’S ABSTRACT:

(© IEEE 1990, reproduced with permission from the IEEE publication identified above.)

Future space power needs are extrapolated to be at least three to four orders of magnitude

more than is currently available. Electrical insulation and dielectrics are the key electrical

materials needed to support power systems, where a single-point system failure may prove

catastrophic or even fatal for the whole mission. The influence of radiation on polymer

dielectrics, the insulating materials most commonly used for power transmission and
storage is reviewed. The effect of the type of radiation, dose rate, and total exposure on
the key electrical, mechanical, and physical properties of polymer dielectrics are described

and explained.

REVIEWS:

Technology : Effects of space-environment radiation

Remarks :

• Reports tests on unspecified samples of materials, not cable, performed by other

researchers.

• May serve as a source of references for the following criteria of effects:

Dielectric strength

Dielectric constant and dielectric loss

Conductivity

Volume and surface resistivity

Density

Weight
Optical characteristics

Melting point

Molecular weight

Criteria for Aging Assessment :

• None

Application to Cable: No - not a test method
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Laug, O.B.

Field Test FT-45 Tamper Resistant Data-Link

National Bureau of Standards, Washington, DC, March 1969.

80 Pages, No References

AUTHOR’S ABSTRACT:

Field Test FT-45 has been a study by the Technical Support Contractor, the National

Bureau of Standards (NBS), to develop techniques for undetected penetration and

spoofing of the data link developed for the Arms Control and Disarmament Agency (ACDA)

by the Braddock, Dunn and McDonald Corporation (BDM) under contract ACDA/ST-1 12.

This initial study of the data link also involved the efforts of BDM as the data link

development contractor as prescribed in the FT-45 Test Plan. This field test was divided

into two phases. Phase I began in June 1968 and was completed in September 1968.

Phase II was completed in February 1 969. This report summarizes the work done during

Phase i and Phase II and presents an evaluation of the tamper resistant data link and

recommendations as to its further development into a complete sensor system.

REVIEWS:

Technology : TDR applications

Remarks :

• Provides information on the outer limits of TDR technology for detecting very small

changes of impedance on cable.

Criteria for Aging Assessment :

• None

Application to Cable : TDR background
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Lee, R.H.

New Developments in Cable Systems Testing

IEEE Transactions on Industry Applications, Vol. IA-13, pp. 215-217, No. 3, May/June 1977.

3 Pages, 3 References

AUTHOR’S ABSTRACT:

(© IEEE 1977, reproduced with permission from the IEEE publication identified above.)

The history of field testing of medium voltage cable systems as a method for improving

operation of this sensitive segment is traced from the late 1940’s to the present.

Concurrent with improvements in cable manufacture and testing methods, the effect of

responsible users to improve service reliability through the use of increased test voltages

and the development in lEEE-Power Engineering Society (PES) -Insulated Conductors

Committee (ICC) of a standardized field cable system test procedure are described.

REVIEWS:

Technology : Test at sixty to eighty percent of BIL for 15 minutes

Remarks :

• A historical paper on the industry position of hi-pot testing for medium voltage

cables.

• Does not contain any information on test procedures.

• Discusses life consumption effects caused by hi-pot testing.

Criteria for Aging Assessment :

• None beyond a pass-fail on hi-pot

Application to Cable : Yes
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Lilja, M.

Applicability of Silicone Rubber Insulated Cables to be Used Inside Containment

Imatran Voima Oy, Helsinki, Finland.

(No other retrieval information available: hard copy on file at NIST)

REVIEWER’S SUMMARY:

The author reports on the behavior of silicone rubber insulated cables in a LOCA
environment. Both thermal and radiation aging were performed, including irradiation

associated with accident conditions. Insulation resistance of the cable did not reflect

aging. In the accident environment, however, a decrease was found. The mechanical

properties of silicone were degraded by aging. Especially irradiation had a strong effect.

The authors conclude that silicone rubber cables can be used inside the containment for

only a limited time.

REVIEWS:

Technology : Accelerated aging of silicone cables

Remarks :

• Thermal aging and simulated LOCA aging were applied, with tensile tests and
insulation resistance tests.

• No correlation is cited between the two effects.

Criteria for Aging Assessment :

• None stated specifically although the paper cites as a conclusion that aged silicon

cables were replaced.

Application to Cable : Yes, but not in-situ
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Lindsey, K.R.

Enhancing Time Domain Reflectometry Measurements,

Tektronix, Inc., Beaverton, OR.

4 Pages, 1 Reference

REVIEWER’S SUMMARY:

Application note supporting improved instrumentation.

REVIEWS:

Technology : TDR

Remarks :

• A commercial application note on new (but no data given) Tektronix equipment.

Criteria for Aging Assessment :

• None

Application to Cable : Yes
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Lundgren, T., Wretemark, S., and Hansson, H.O.

Study of Impurities and Voids in Crosslinked Polyethylene Insulated Cables.

Pre-Fabricated Terminations, Vol. 1, 21-01
CIGRE paper XX-XX August 1 970.

REVIEWER’S SUMMARY:

The authors describe ac voltage-time tests on cables with insulation of crosslinked

polyethylene combined with studies of impurities and voids. Results show that voids with

a radial extent smaller than 0.01 mm have very limited influence on the ac life of these

cables even at a maximum operating stress above 1 1 kV/mm. The authors report on
voltage-time tests carried out on cables with insulation of crosslinked polyethylene, some
on cables with voids and inclusions in the insulation and spaces between semi-conductive

screen and insulation. In order to study the influence of these defects on the voltage life

of the cable, microscopic studies have been made, particularly on samples undergoing

long-term tests during several years at field strengths above 1 1 kV/mm.

REVIEWS:
Technology : Examination by scanning electron microscope

Remarks :

• Study of crosslinked polyethylene (new and aged under voltage - temperature stress

only) with scanning electron microscope shows no effect of small defects.

• Techniques are applied to 50-70 kV cables with insulation 3.4 mm thick.

Criteria for Aging Assessment :

• None

Application to Cable : Yes, but not in-situ test
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Maloney, C.A.

Locating Cable Faults

IEEE Transactions on Industry Applications, Vol. IA-9, No. 4, July/August 1973

15 Pages, 9 References

AUTHOR’S ABSTRACT:

f© IEEE 1973, reproduced with permission from the IEEE publication identified above.)

Results have shown that the most practical approach to locating cable faults consists of

a three-step procedure known as the System Approach. By this process various test

instruments are employed to first characterize a fault according to its electrical parameters:

to next localize the fault to an approximate location by measurements from a terminal; and

then to finally locate the fault within that locality by physically tracing for its effect along

the cable route. Success is measured in terms of the minimum of time to restore service

which in turn is usually a function of the selection and performance of available

instrumentation. All of the recognized methods and instruments that can be used in each

step of the System Approach are described giving typical features along with the

advantages and disadvantages of each method. This information should enable

responsible engineers to evaluate the practicality of their own resources for the intended

purpose.

REVIEWS:

Technology : Review of fault detection methods

Remarks :

• Review of the principles of commercial equipment

• Applies to complete faults, not incipient defects

Criteria for Aging Assessment :

• None (detection of complete fault)

Application to Cable : Yes
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Marsal, M. and Slaninka, P.

Aging Mechanism of 1 kV Plastic Insulated Power Cables
Acta Technica Csav, pp. 207-226, No. 3, 1971.

AUTHOR’S ABSTRACT:

Not available, the remarks are based on a summary of this paper presented in the

Sugarman paper.

REVIEWS:
Technology : Artificial cable aging

Remarks :

• The discussion concerns tan c5 measurements at a fixed frequency, possibly 1 kHz or

60 Hz.

• The data are hard to interpret given the lack of frequency coverage, but do seem to be

in line with what is expected, namely definite changes with aging.

• Note also the mention of polarization tests. This implies a dominance of dc conduc-

tance over loss, which is easily picked up by Time Domain Spectrometry.

Criteria for Aoinq Assessment :

Application to Cable : Yes, but not readiiy avaiiabie
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Mashikian, M.S., Bansal, R., and Northrop, R.B.

Location and Characterization of Partial Discharge Sites in Shielded Power Cables

IEEE Transactions on Power Delivery, Voi. 5, No. 2, April 1990.

AUTHOR’S ABSTRACT:

(© IEEE 1990, reproduced with permission from the IEEE publication identified above.)

An instrument capable of detecting and locating partial discharge sites and faults in

shielded power cables was developed on behalf of a group of U.S. electric utilities. The
instrument uses state-of-the-art electronic hardware and advanced digital signal

processing techniques. The partial discharge signals are reconstructed using the cable

traveling wave characteristics (transfer function) and noise is reduced both through a

judicious choice of hardware and by modern signal enhancement techniques.

The paper describes the principle and the implementation of the instrumentation package
and discusses results obtained in the laboratory on a 175 m, 15 kV URD cable.

REVIEWS:

Technology : Partial discharge with signal processing techniques.

Remarks :

• Presents a signal processing technique (Multiple Likelihood) that can cope with the

problems of pulse overlap and successive pulse widening.

• See the companion paper by Knapp, Bansal, Mashigian, and Northrop.

Criteria for Aging Assessment :

• None

Application to Cable : Yes.
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Mashikian, M.S., et al.

Method and Instrumentation for the Detection, Location and Characterization of Partial

Discharges and Faults in Electric Power Cables

United States Patent Number 4,887,04 1, 1 989.

10 Pages, 16 Patent References

AUTHOR’S ABSTRACT:

A method and apparatus of detecting the locations of incipient faults in an insulated power
line which comprises the method steps of opening one end of the power line, if it is not

suitably terminated to reflect high frequency pulses, applying an excitation voltage to the

other end of the power line at an excitation point, detecting a first high frequency pulse

produced by a discharge in the power line and transmitted on the power line to the

excitation point, detecting a first reflection of the pulse from the open end of the power
line to the point of excitation, detecting the travel time of a reflection of the first pulse from

the excitation point to the open end of the power line and return to the excitation point,

and dividing the time between the detection of the first pulse and the first reflected pulse

by the detected travel time. The invention also provides a method and means for only

detecting discharge pulses which occur in a predetermined range of magnitude of the

excitation voltage and discharge pulse which reside within predetermined ranges of

magnitudes. The discharge sites may be detected using either reflected voltage or current

pulses.

REVIEWS:

Technology : Partial discharge with signal processing

Remarks :

• Patent documenting the work of the Mashikian et al. team

Criteria for Aging Assessment :

• None

Application to Cable : Yes
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Mathes, K.N.

Electrical Properties: Relationship to Evaluation and Performance of Cable Insulation

Notes for "Power Cable Engineering Clinic", University of Wisconsin, 1987.

110 Pages, 57 References

CONTENTS:

DIELECTRIC THEORY
Discharge, Corona and Breakdown in Gases

dc Characteristics

ac Characteristics

Voltage Breakdown

"Dry" Electrical Treeing

Electrochemical Degradation

TESTS FOR INSULATING MATERIALS

ELECTRICAL PROPERTIES OF CABLE INSULATION

Electric Strength

Resistance, Dissipation Factor, Dielectric Loss

Voltage Endurance

Corona

Electrical Trees

Water Treeing

OIL IMPREGNATED PAPER CABLE

CRYOGENIC CABLE

GAS INSULATED SPACER CABLE

REFERENCES

REVIEWS:

Technology : General Information on cable insulation

Remarks :

• A 110-page tutorial providing general discussion of cable insulation aspects.

Section on tests provides perspective but not specific test methods applicable to

in-situ testing.

Criteria for Aging Assessment :

• None

Application to Cable : Yes
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Matsuba, H. and Kawal. E.

Water Tree Mechanism in Electrical Insulation

IEEE Transactions on Power Apparatus and Systems, Vol. PAS-95, pp. 660-670, No. 2, March/April 1976.

AUTHOR’S ABSTRACT:

f© IEEE 1976, reproduced with permission from the IEEE publication identified above.)

A theoretical study of water tree mechanism is described. Microscopic analyses of water

trees revealed that they are composed of many water-filled micro-voids which are less

than several microns in diameter.

The mechanism of the void generation is explained by the thermo-dynamics in which the

electric field is considered. Based on this mechanism, the growth of water tree is explained

in respect of the effect of frequency, temperature and electric field strength. This

corresponds well with the results of experiments made by many researchers. Also given

are the characteristics of the start points of the tree and cable containing water tree.

REVIEWS:

Technology : Water tree formation (theory)

Remarks :

• A theoretical study, with no test procedure involved. Reference is made to

experimental results by others, but no comparison is made.

Criteria for Aging Assessment :

• None

Application to Cable : Not for in-situ tests
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Mayoux, C.J.

Partial-Discharge Phenomena and the Effect of Their Constituents on Polyethylene

IEEE Transactions on Electrical Insulation, Vol. El-1 1,pp. 139-149, No. 4, December 1976.

AUTHOR’S ABSTRACT:

{© IEEE 1976, reproduced with permission from the IEEE publication identified above.)

A method of investigating partial-discharge phenomena and their effect on polyethylene

is described. A physical study was carried out with air at atmospheric pressure and gaps

between 2 and 14 mm. It is shown, that with this range of gaps and with dielectric wails,

a streamer process appears as in the case of a positive point and a metallic plane.

The evolution of the polyethylene samples after the aging produced by the constituents

of the discharge, i.e., UV radiation and electrons and ions of low energy, was studied by

means of IR spectroscopy. If the discharge Is of the streamer type it might be possible to

attribute the deterioration to the concentration of ions at its tip; however, IR spectroscopy

and scanning electron microscopy have shown that although the ions were more reactive

they were not sufficiently so to explain the damage caused by corona discharges.

REVIEWS:

Technology : Partial discharge, polyethylene

Remarks :

• The paper presents the results of tests made on samples of insulating material

sheets subjected to partial discharges in a gap between two electrodes.

• While presenting significant data on the chemistry of polyethylene aging, it does not

provide information for in-situ cable aging assessment.

Criteria for Aging Assessment :

• None

Application to Cable : Not direct
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McKean, A.L.

Investigation of Mechanism of Breakdown in XLPE Cables

EPRI Project 7809-1, July 1976.

85 Pages, 26 References

AUTHOR’S ABSTRACT:

f© EPR1 1976, reproduced with permission from the EPRI publication identified above.)

This research program explores the basic hypothesis that microporosity plays a significant

role in the mechanism of breakdown of XLPE cable.

In Part I, the potential improvement achieved by impregnating the microporous regions

of the cable core with a neutral liquid is evaluated, with relation to AC voltage life and

impulse strength. The effect at higher frequency is also demonstrated.

In Part II, a similar test program is pursued on model cables, designed to explore the effects

of gas pressure and gas type on breakdown and life, since it is reasonable to expect that

only the microporous regions of the insulation should be sensitive to the gas-pressure

environment.

Comparison of gas-pressurized model breakdown stress (and related microvoid size) with

basic Paschen curves demonstrates reasonably good agreement, indicating that partial

discharge is the basic mechanism of fatigue and breakdown.

REVIEWS:

Technology : Basic insulation material study

Remarks :

• Investigation concerns porosity of new material, no discussion of aging (except

volt-time life test in laboratory).

Criteria for Aging Assessment :

• None

Application to Cable : No (not aging)
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McMahon, E.J.

The Chemistry of Corona Degradation of Organic Insulating Materials in High-Voltage

Fields and Under Mechanical Strain

IEEE Transactions on Electrical Insulation, Vol. El-3, pp. 3-10, No. 1, February 1968.

AUTHOR’S ABSTRACT:

f© IEEE 1968, reproduced with permission from the IEEE publication identified above.)

Organic materials used as high-voltage electrical insulation are altered chemically and

physically by corona discharges. The basic behavior of polyolefin and fluorocarbon resins

were Investigated under conditions of high electrical stress.

The presence of corona subjects a material to ozone, acid, ultraviolet light, and
bombardment by electrons and ions. Degradation under these conditions is usually

confined to the surface rather than the bulk of the material. The surface may be the outer

surface of the material or the inside face of voids within the material. The present study

includes the identification of by-products such as, for example, oxalic acid, which is found

on the surface of polyethylene subjected to corona in the presence of humidity. The kinds

of failure, cracking or erosion, and the effects of a number of variables including

mechanical strain and humidity are presented.

Also included is a discussion of electrical failures between the points of sharp needles

Imbedded opposite each other in a solid. Dendritic channels initiated by corona

bombardment at the interface between the tip of one of the needles and the solid polymer

slowly progress across the gap. The rate of dendrite growth is related to the gas pressure

generated within the dendrite.

REVIEWS:

Technology : Chemical effects of corona on surfaces

Remarks :

• Deals with surface effects.

• Does not contain test methods applicable to aging detection.

Criteria for Aging Assessment :

• None

Application to Cable : No
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Meininger, R.D.

Three Mile Island Technical Information and Examination Program Instrumentation and
Electrical Summary Report

EG&G Idaho, Inc., GEND 050, DOE Contract No. DE-AC07-76ID01570, Idaho Falls ID, July 1985.

AUTHOR’S ABSTRACT:

Cables and connections examination is an ongoing task. The status of the task is included

in this summary report to present a complete picture of activities of the l&E Data Acquisition

Program. In-place test results have been obtained on 460 circuits, with 1 78 abnormalities

identified. Of these, 36 circuits are failed, 38 circuits show significant changes, and 104

circuits show minor changes. The circuits represent a two-wire transmission line from the

Reactor Building wall up to and including the end device. The final phase of this program
is underway to obtain samples from these circuits to quantify the abnormalities and to

assess the degree of functional impairment to the circuit.

Generally, the data show evidence of moisture and degradation which might be expected

as a result of corrosion. Most of the cable analyses were based on comparisons of

measured data to expected values which were obtained from laboratory measurements
of identical or equivalent samples of the subject component. Due to manufacturing

variations of the parameters measured (important for in-place testing, but not necessarily

important to plant operation), these expected values are not precise. The ideal basis for

comparison would be to have similar data taken at a known plant condition, preferably

during plant startup.

REVIEWS:

Technology : Post-accident evaluation

Remarks :

• A summary report. Cable data presented is based on the 1984 Helbert report.

Criteria for Aging Assessment :

• None

Application to Cable : Yes, but no new information.
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Meininger, R.D.

Technology Relating to Improved Nuclear Power Plant Maintenance

5 11 042, EG&G-ldaho, Inc., Idaho National Engineering Laboratory, Idaho Falls, January 1986.

AUTHOR’S ABSTRACT:

None provided - see remark below.

REVIEWS:

Technology : ECCAD

Remarks :

• Viewgraphs of presentation of ECCAD. See Meininger and Dinsel paper for same
material in technical paper format.

Criteria for Aging Assessment :

• None

Application to Cable : Yes
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Meininger, R.D. and Dinsel, M.R.

Passive Surveillance: A Technique to Characterize the Condition of Power and Control

Circuits in a Nuclear Plant

Idaho National Engineering Laboratory, Idaho Falls ID.

AUTHORS’S ABSTRACT:

This paper reports on progress by EG&G Idaho in examination of electrical circuits

exposed to the accident environment at Three Mile Island Unit 2 (TMi-2) during and after

the loss-of-coolant accident of March 28, 1979. Interpretations of the data collected

suggest that the major functional impact on the electrical circuits (a) occurs very late in

time, (b) is caused by moisture intrusion, and (c) can be detected by remote sun/eillance

prior to functional failure. The electrical testing was performed from outside the TMI-2

Reactor Building at the penetrations using a special circuit characterization and diagnostic

system developed by EG&G Idaho. This paper concentrates on representative data from

those circuits which were recently retested.

REVIEWS:

Technology : ECCAD

Remarks :

• The classical paper on ECCAD. Presents results of a series of measurements at

TMI-2, following the 1979 LOCA.

• Twelve significant references.

Criteria for Aging Assessment :

• None

Application to Cable : Yes
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Meyer, L.C.

Nuclear Plant-Aging Research on Reactor Protection Systems (DRAFT)

NUREGICR-4740 EGG-2467, Idaho National Engineering Laboratory, Idaho Falls ID, October 1986.

AUTHOR’S ABSTRACT:

This report presents the results of a review of light water Reactor Trip System (RTS) and
Engineered Safety Feature Actuating System (ESFAS) operating experiences reported in

Licensee Event Reports (LER)s, the Nuclear Power Experience data base. Nuclear Plant

Reliability Data System, and selected plant records. Our purpose is to evaluate the

potential significance of aging, including cycling, trips, and testing, as contributors to

degradation of RTS and ESFAS. Tables are presented that show the percentage of events

for RTS and ESFAS classified by cause, components, and subcomponents for each of the

Nuclear Steam Supply System vendors. A representative Babcock and Wilcox plant was
selected for detailed study. The United States Nuclear Regulatory Commission’s Nuclear

Plant Aging Research guidelines were followed in performing the detailed study that

identified materials susceptible to aging, stressors, environmental factors, and failure

modes for the RTS and ESFAS as generic Instrumentation and control systems.

Functional indicators of degradation are listed, testing requirements evaluated and
regulatory issues discussed.

REVIEWS:

Technology : Review of operating experience

Remarks :

• An overall treatment mostly concerned with components other than cables. List of

Licensee Event Reports does not show any events related to cable failure.

Criteria for Aging Assessment :

• None

Application to Cable : Yes, but shows present scarcity of cable data
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Migliori, A. and Thompson, J.D.

A Nondestructive Acoustic Electric Field Probe

The Journal of Applied Physics, Vol. 51
,
pp. 479-485, No. 1 ,

January 1980.

7 Pages, 7 References

REVIEWER’S SUMMARY:

The authors describe a new method for the nondestructive measurement of electric field

and space-charge distributions inside solid or liquid insulators using a nonstructured

acoustic pulse. They derive an integral equation for the response of the dielectric during

propagation of an acoustic pulse. Some acoustic measurements of electric fields and

space charge are reported, in the oil inside of a transformer, and in polymethyl

methacrylate plastic.

REVIEWS:

Techncicgy : Field measurement by accustic pulse

Remarks :

• The authcrs cite a useful range cf 10 cm

• Thus, this methcd is applicable to devices with an aspect ratio quite different from

that of cable.

Criteria for Aging Assessment :

• None

Application to Cable : Not In its present form
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Miller, R. and Black, I.A.

Partial Discharge Measurements Over the Frequency Range 0.1 Hz to 50 Hz

IEEE Transactions on Electrical Insulation, Vol. El-12, pp. 224-233, No. 3, June 1977.

1 0 Pages, 1 4 References

AUTHOR’S ABSTRACT:

(© IEEE 1977, reproduced with permission from the IEEE publication identified above.)

The need for partial discharge (corona) measurements at very low frequencies is

explained, and the results of tests on epoxy resin and polyethylene samples are given for

the frequency range 0.1 Hz to 50 Hz. As no suitable commercial generator was available,

a new type of low-frequency low-noise generator has been developed. The discharge

detection system includes a pulse discrimination system for eliminating unwanted pulses

from outside the test component. This was particularly useful when measuring discharges

in a short length of cross-linked polyethylene cable and in a stader bar sample, in the

presence of discharges over the ends. Traditional display methods are not suitable at

low-frequency and the paper describes possible alternative recording techniques. One
of these is a multi-channel pulse height analyzer, which facilitates are comparison of results

over the complete frequency range. Discharge characteristics have also been recorded

on a storage oscilloscope. The results obtained show that the inception voltage is virtually

constant over the frequency range 0.1 Hz to 50 Hz, and also indicate how the partial

discharge characteristics are affected by frequency, void size, temperature and humidity.

REVIEWS:

Technology : Partial Discharge

Remarks :

• The paper does cite one example of test on a cable, but does not state the cable

rating; hence, a citation of test at 7 kV is not significant.

• Other tests are cited on small insulation test samples, but no data on field strength

are given.

• The emphasis is on frequency dependency.

Criteria for Aging Assessment :

• None

Application to Cable : Yes, but limited scope
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Miyashita, T.

Deterioration of Water-Immersed Polyethylene-Coated Wire by Treeing

IEEE Transactions on Electrical Insulation, Vol. El-6, pp. 129-135, No. 3, September 1971.

7 Pages, 7 References

AUTHOR’S ABSTRACT:

f© IEEE 1971, reproduced with permission from the IEEE publication Identified above.)

Although some reports of the water-resisting life of poiyethylene-insulated wires have been

made, studies of mechanism of the deterioration phenomenon have been scarcely

reported. In this paper, it is pointed out that a major cause of the deterioration of

polyethylene-coated wire in water is the occurrence of the 'treeing" phenomena. An
accelerated deterioration test through the use of high-frequency voltage has been

developed. Using this accelerated test, experiments were conducted on the deterioration

phenomenon of insulating wires under various conditions, the causes of tree generation

were elucidated and a new type of insulating wires was developed.

It has been discovered that when the polyethylene-insulated wire is immersed in water and

voltage is applied (as occurs in a submersible pump) treeing will occur at extremely low

voltages and is sensitive to the copper in the conductor. A metal barrier over the conductor

greatly increases the insulation life owing to the effect of double layers.

REVIEWS:

Technology : Cable dielectric strength reduction by tree formation

Remarks :

• States that there is no decline in insulation resistance until immediately before

breakdown.

Criteria for Aging Assessment :

• Insulation breakdown voltage

Application to Cable : Not for in situ tests
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Mopsik, F.l.

Precision Time-Domain Dielectric Spectrometer

Review of Science Instrumentation, Vol. 55, pp. 79-87, No. 1, January 1984.

9 Pages, 1 6 References

AUTHOR’S ABSTRACT:

A description is given for an automated method for determining dielectric constant and

loss by the measurement of the time response of the dielectric to a step voltage. Attention

is paid to the circuits necessary to achieve both high accuracy (0.1 %) and high sensitivity

(tan (5 = 10'®) over audio and subaudio frequencies (10"^ to 10“^ Hz). These include a

100-V step generator accurate to 5 ppm, a charge detector with a time-independent bias

current of 30 fA, and a clock that can control sampling time from 5 /^s to 1 0 s. In addition,

a numerical Laplace transform, based on a cubic spline, is described that preserves the

accuracy of the time data when they are transformed into the frequency domain.

REVIEWS:

Technology : Basic measurement of dielectric properties

Remarks :

• The method provides measurement on any sample of dielectric material located

between two electrodes, preferably with a guard. As such, it is applicable to coaxial

cables, but would be difficult to apply to unshielded single-conductor or and
multiconductor unshielded cables adjacent to other conductors.

• Appears promising because of the possibility to monitor changes in properties

related to embrittlement

• See NISTIR-4486, published concurrently with this bibliography, for a report

investigating correlation between this method and mechanical tests.

Criteria for Aging Assessment :

• None

Application to Cable : Yes
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Mopsik, F.l. and Martzloff, F.D.

Time Domain Spectroscopy to Monitor the Condition of Cable Insulation

NUREG/CP-0097, Vol. 3, Proceedings - Sixteenth Water Reactor Safety Information Meeting, October 1988.

20 Pages, 14 References

AUTHOR’S ABSTRACT:

The use of Time Domain Spectroscopy, the measurement of dielectric constant and loss

using time-domain response, for monitoring the aging of reactor cable insulation is

examined. The method is presented, showing its sensitivity, accuracy and wide frequency

range. The method’s ability to acquire a great deal of information in a short time and its

superiority to conventional single frequency data is shown. Different cable samples are

examined before and after exposure to radiation and changes with exposure are clearly

seen to occur. Also it is shown that a wide range of behavior can be found in different

insulation systems. The requirements for performing valid measurements is presented.

The need for controlled samples and correlation with other criteria for aging is discussed.

REVIEWS:

Technology : Time-Domain Spectroscopy (TDS)

Remarks :

• Brief description of the principle and laboratory implementation of TDS.

• Results of TDS tests performed on naturally aged cable samples obtained from the

decommissioned Shipping port nuclear power plant.

• Results of TDS tests performed on accelerated aging insulation samples obtained

from Sandia National Laboratories.

Criteria for Aging Assessment :

• Correlation between TDS results and recognized industry criteria

Application to Cable : Yes

2-113



NISTIR - 4485

Mopsik, F.I., Kelley, E.F., and Martzloff, F.D.

A Review of Candidate Methods for Detecting Incipient Defects Due to Aging of Installed

Cables in Nuclear Power Plants

NBSIR 88-3774, U.S. Department of Commerce, 1988 (First presented as preliminary report and published

in Proceedings, Workshop on Power Plant Cable Condition Monitoring, EPRI EL/HP/CS-5914-SR, 1988)

1 1 Pages, 1 1 References

AUTHORS’ ABSTRACT:

Several types of test methods have been proposed for detecting incipient defects due to

aging in cable insulation systems, none offering certainty of detecting all possible types

of defects. Some methods apply direct detection of a defect in the cable; other methods

detect changes in electrical or non-electrical parameters from which inferences can be

drawn on the integrity of the cable. The paper summarizes the first year of a program

conducted at the National Bureau of Standards to assess the potential of success for in

situ detection of incipient defects by the most promising of these methods.

REVIEWS:

Technology : Time domain reflectometry

Low-energy pulse testing

Partial discharge detection

Mechanical properties

Dielectric tests

Time-domain spectroscopy

Remarks :

• After a brief review of the methods listed above the report provides preliminary

results obtained by time-domain spectroscopy on pr-cable samples obtained from

the decommissioned shipping port plant.

• Polyolefin insulation sampled obtained from accelerated aging tests at Sandia

National Laboratories.

Criteria for Aging Assessment :

• Correlation between TDS results and recognized industry criteria, to be established.

Application to Cable : Yes
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NISTIR - 4485

Mori, K. et al.

Voltage Determination of XLPE Wires in Water Under Gamma Ray Irradiation

IEEE Transactions on Energy Conversion, Vol. 4, No. 3, September 1989.

7 Pages, 7 References, 7 Authors

AUTHOR’S ABSTRACT:

f© IEEE 1989, reproduced with permission from the IEEE publication identified above.)

Three types of XLPE wire are developed for insulation of internal pump motors (wet type)

used in Advanced Boiling Water Reactor. By applying gamma ray irradiation of 10^ - 10^

Gy and electric stress in hot water simultaneously or sequentially, the effect of combined
stresses in a large scale functional test is also described. It is proved that the gamma ray

irradiation less than 10® Gy does not deteriorate the properties of the insulation of the

wires. In the irradiational environment of 5x1 0^ Gy where the internal pump motor will be

served, it is recognized the wires have sufficient reliability.

REVIEWS:

Technology : Accelerated aging effects assessed by breakdown voltage on sacrificial

samples.

Remarks :

• Aging performed in various combinations of au, hot water, and gamma ray, while

under electrical stress at various levels, including 3 kHz to simulate layer period of

exposure to 50 Hz.

• Effects are assessed by performing breakdown tests at 50 Hz by step voltage

increases, and by examination of water trees near the breakdown point.

Criteria for Aging Assessment :

• Voltage breakdown

Application to Cable: Yes, but not as an in-situ test.
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NISTIR - 4485

Nattrass, D.A.

Partial Discharge Measurement and Interpretation

IEEE Electrical Insulation Magazine, May/June 1988 - Vol. 4, No. 3.

14 Pages, 61 References

AUTHOR’S ABSTRACT:

f© IEEE 1988, reproduced with permission from the IEEE publication identified above.)

An overview of partial discharge signal patterns obtained under ac voltage stimulation by

a wideband detector. Typical patterns all described in general terms for various types of

insulation defects, as well as interference signals caused by external sources or

interruptions in the test setup.

REVIEWS:

Technology : Partial discharge

Remarks :

• A tutorial paper on the interpretation of partial discharges displayed by an

oscilloscope and visually observed and analyzed by a trained operator.

• Provides suggestion on the experimental procedure to eliminate some of the

interference problems occurring in a factory environment.

Criteria for Aging Assessment :

« None

Application to Cable : Not directly for in-situ tests
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NISTIR - 4485

Nobile, P.A. and LaPlatney, C.A.

Field Testing of Cables: Theory and Practice,

IEEE Transactions on Industry Applications, Vol. IA-23, No. 5, September/October 1987.

10 Pages, 12 References

AUTHOR’S ABSTRACT:

f© IEEE 1987, reproduced with permission from the IEEE publication identified above.)

Testing cables in the field requires a specialized knowledge of dielectric behavior, electrical

stress phenomena, safe and proper use of test equipment, and interpretation of test results.

Theoretical and practical aspects of high-potential field testing of medium- and
high-voltage extruded cables are discussed. The fundamental theory of ac and dc voltage

stresses is reviewed along with the behavior of the cable insulation under dc stress. It is

concluded that a dc test is preferred over an ac test for field applications. However, for a

dc test the cable should be cooled to ambient temperature so that the voltage stress

distribution is the same as for an ac voltage. A program for field testing is suggested along

with the voltage levels to use for the test. Finally, guidance on performing the test in the

field is given along with examples on interpreting the test results.

REVIEWS:

Technology : High voltage, ac and dc

Remarks :

• Compares merits and disadvantages of ac and dc, in the context of IEEE Std 400.

• Concludes that, provided that a cable be cooled, dc testing is preferable to ac

testing with a combination of step-voltage and time-voltage tests.

Criteria for Aging Assessment :

• None

Application to Cable : Yes, within limits of high-voltage acceptability
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NISTIR - 4485

Okamoto, Y., Toriyama, Y., and Kanazashi, M.

Breakdown of Insulating Materials by Surface Discharge

IEEE Transactions on Electrical Insulation, Vol. El-6, pp. 124-128, No. 3, September 1971.

6 Pages, 9 References

AUTHOR’S ABSTRACT:

f© IEEE 1971, reproduced with permission from the IEEE publication identified above.)

"Round-robin" experiments for partial discharge degradation of polyethylene have been
made by means of a parallel-plate electrode system. Following this, a second round-robin

was run using direct electrodes with the object of surveying some simple testing methods
corresponding to actual phenomena such as local perforation by corona. Corona lifetimes

of several insulating materials were measured by using two kinds of electrode systems,

i.e., a hemisphere-plane configuration and a cylinder plane as recommended by the

International Electrotechnical Commission (I EC).

Precise differences between different materials cannot be defined because of the

fluctuation of corona lifetime of the same material, but there may be some significance in

the order of six kinds of materials. Several possible causesof the variability were examined
with regard to the differences of test dates, humidities, airflows, and specimens^

thicknesses and some information concerning relations between variability and
experimental conditions was obtained.

These results and considerations should be helpful relative to the adoption of the most
reasonable electrode and the performance of test procedure.

REVIEWS:

Technology : Dielectric characteristics of materials

Remarks :

• Study is an evaluation of electrode configuration and various materials. Not

applicable to in situ tests.

Criteria for Aging Assessment :

• None

Application to Cable : No
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NISTIR - 4485

Oisen, E.M.

Applied Time Domain Reflectometry and Fast Pulse Techniques

E-H Research Laboratories, Inc., Oakland CA.

3 Pages, No References

REVIEWER’S SUMMARY:

The paper presents a review on the basics of time-domain reflectometry.

REVIEWS:

Technology : TDR

Remarks :

• A tutorial/commercial review of the advantages and disadvantages of TDR with steep

rise but low amplitude and with high amplitude but less steep rise.

Criteria for Aging Assessment :

• None

Application to Cable : Yes, in general terms
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NISTIR - 4485

Oonishi, H., Urano, F., Mochizuki, T., et al.

Development of New Diagnostic Method for Hot-Line XLPE Cables With Water Trees

IEEE Transactions on Power Delivery, Vol. PWRD-2, pp. 1-7, No. 1, January 1987.

7 Pages, 3 References

AUTHOR’S ABSTRACT:

(© IEEE 1987, reproduced with permission from the IEEE publication identified above.)

A new insulation diagnostic method for XLPE cables containing water trees is presented.

A dc component in the ac charging current of these cables was found to be a significant

sign of the existence of water trees. The dc component has good correlations with such

insulation characteristics of aged XLPE cables as ac breakdown voltage and dc leakage

current. Criteria for insulation diagnosis of 6.6 kV XLPE cables have been established.

An automatic insulation diagnostic device has been developed. It is now being applied to

hot-line XLPE cables in distribution systems of TEPCO (The Tokyo Electric Power Co.,

Inc.).

REVIEWS:

Technology : dc component in ac charging current

Remarks :

• Sounds very interesting. Correlation is reported between measured dc component
and ac breakdown voltage.

• Attempts to reach the author for an update were not successful.

Criteria for Aging Assessment :

• ac breakdown

Application to Cable : Yes
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NISTIR - 4485

Osvath, P., Biasutti, G., and Zaengl, W.

The Location and Evaluation of Partial Discharges in Synthetic High Voltage Cables
Elektrizitatswirtschaft, Vol. 86, no. 26, pp. 1139-1143, 1987.

5 Pages, 9 English References, 1 French Reference, 5 German References

REVIEWER’S SUMMARY:

The authors discuss the importance of PD measurement systems in the design of high-

voltage cables using synthetic insulation. The authors experimentally investigate a typical

VPE medium voltage cable, with results providing information for the dimensioning of the

measurement systems .

REVIEWS:
Technology : Partial discharge

Remarks :

• Although the rating of the cables discussed in the paper is medium voltage, the

principles and observations reported are generally applicable.

• The paper does not describe a specific in-situ test method, but provides useful

background information on partial discharge phenomena.

Criteria for Aging Assessment :

• None

Application to Cable : Yes, as general information only
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NISTIR - 4485

Pays, M.

New Developments in the Field of High-Voltage and Extra High-Voltage Cables - The
User’s Point of View

IEEE Transactions on Power Delivery, Vol. 5, No. 2, April 1990.

9 Pages, 9 References

AUTHOR’S ABSTRACT:

(© IEEE 1990, reproduced with permission from the IEEE publication identified above.)

Synthetic extruded cables are successfully used in France for the 63 kV and 90 kV grids

since 1 962, for the 245 kV grid since 1 969 and have been introduced in the 420 kV network

in 1986. The operating results are particularly good due to manufacturing process,

performing type tests including long term test in order to assess ageing and compatibility

of the components, and acceptance tests based on an excepted reliability in service.

REVIEWS:

Technology : Review of operating experience

Remarks :

• Does not provide information on test methods for in-situ evaluation.

Criteria for Aging Assessment :

• None

Application to Cable : High voltage only
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NISTIR - 4-i-S5

Petty, K.A.

Application, Construction, and Testing of Generating Station Cables

Proceedings: Workshop on Power Plant Cable Condition Monitoring, EPRl EL,NP CS-5914-SR, July 1988.

16 Pages. 17 References

AUTHOR’S ABSTRACT:

f© EPRl 1988, reproduced with permission from the EPRl publication identified above.)

This paper explores the various cable designs and materials used in fossil and nuclear

generating stations. Cable functional requirements and test procedures are described to

aid engineers in the application of new concepts in condition monitoring of cables in

generating stations.

A great deal of margin exists between cable design (both manufacturing and cable sizing

by utility) and actual operating condition. Cables should be evaluated on basic cable

performance requirements to take advantage of these built-in margins.

REVIEWS:

Technology : Review of cable industry practices.

Remarks :

• Description of cable test methods as follows:

- Production testing (high voltage and insulation resistance)

- Qualification testing (per IEEE Std. 383)

-- Field tests: 500 V or 1000 V Megohmmeter, with acceptance criteria

per IEEE Std. 422 and 690

• Does not describe or call for new test methods.

Criteria for Aging Assessment :

• Compliance with IEEE standards

Application to Cable : Yes, but not in-situ tests

2-123



NISTIR - 4485

Phillips, P.J.

Characterization of Cable Aging

Proceedings: Workshop on Power Plant Cable Condition Monitoring, EPRI EL/NPICS-59-14-SR, July 1988.

14 Pages, 4 References

AUTHOR’S ABSTRACT:

f© EPR1 1988, reproduced with permission from the EPRI publication identified above.)

In-service aging of cable insulation occurs under the simultaneous influences of thermal

and electrical stress. The effects of the thermal contribution will be discussed and four

techniques will be reviewed that together provide the most convenient and complete

information on the changes occurring in the insulation.

REVIEWS:

Technology :

• Monitor changes in bulk properties

Remarks :

• Infra-red spectroscopy.

• Solvent extraction

• Differential scanning colorimetry

• Small angle x-ray scattering

Criteria for Aging Assessment :

» No correlation given between observed changes and aging

Application to Cable : Yes
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Pintelon, R. and Van Biesen, L.

Identification of Transfer Functions with Time Delay and Its Application to Cable Fault

Location

IEEE Transactions on Instrumentation and Measurement, Vol. 39, No. 3, June 1990.

6 Pages, 17 References

AUTHOR’S ABSTRACT:

(© IEEE 1990, reproduced with permission from the IEEE publication identified above.)

A Gaussian frequency-domain maximum likelihood estimator (MLE) to estimate the

transfer function of linear continuous time systems with time delay is presented. The
stochastic framework is an errors-in-variables model, which means that the input as well

as the output of the system is disturbed with noise. The estimator is applied to a practical

measurement problem, namely the estimation of the location of discontinuities, e.g., faults

in electrical cables, from a reflectogram. Experimental results for coaxial lines show that

it is possible to identify simultaneously the location of the discontinuity and a rational

approximation of the generator mismatch, the fault impedance, and some of the cable

parameters.

REVIEWS:

Technology : TDR with signal processing

Remarks :

• A theoretical treatment of the subject where the physical nature of a "fault" is left

undefined.

• No mention of voltages or levels involved in the experimental results.

Criteria for Aging Assessment :

• None

Application to Cable : Yes, but only presented as a principle, not a test

method for in-situ detection of Incipient defects.
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NISTIR - 4485

Reynolds, P.H.

Field Testing Instrumentation

IEEE Transactions on Electrical Insulation, Vol. 25, No. 1, February 1990.

4 Pages, 1 7 References

AUTHOR’S ABSTRACT:

f© IEEE 1990, reproduced with permission from the IEEE publication identified above.)

This paper reviews the progress of instrumentation to test installed electrical power
apparatus up to the present. It also discusses current work and the possibilities for future

development.

REVIEWS:

Technology : Brief review of state of the art.

Remarks :

• A broad historical perspective.

• Specific test methods are implied in the references but no details are given in the

paper.

Criteria for Aging Assessment :

• None

Application to Cable : Yes, but no specifics given
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NISTIR - 4485

Richards, G.C. and Tan, O.T.

An Accurate Fault Location Estimator for Transmission Lines

IEEE Transactions on Power Apparatus and Systems, Vol. PSA-101, pp. 945-949, No. 4, April 1982.

4 Pages, 14 References

AUTHOR’S ABSTRACT:

f© IEEE 1982, reproduced with permission from the IEEE publication identified above.)

A fault location method by dynamic system parameter estimation is presented for a

double-end fed transmission line using a 1/4 to 1 cycle window of data at one local end

only. The system differential equations are based on a lumped parameter line model,

Thevenin equivalents for transients at both ends of the line and an unknown fault

resistance. Simplification of the equations is obtained by using instantaneous symmetrical

components. The estimation algorithm does not require filtering of dc offset and

high-frequency components from the recorded signals and its accuracy is illustrated in

digital simulation studies.

REVIEWS:

Technology : Theory of transmission lines

Remarks :

• A theoretical treatment on faults, not incipient faults.

Criteria for Aging Assessment :

• None

Application to Cable : No
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NISTIR - 4485

Schifani, R.

A Novel Histogram for Partial Discharge Signals in HV Insulating Systems

IEEE Transactions on Electrical Insulation, Vol. Ei-21, No.1, February 1986.

10 Pages, 11 References

AUTHOR’S ABSTRACT:

(© IEEE 1986, reproduced with permission from the IEEE publication identified above.)

A technique for relating measurable electrical quantities with energies dissipated inside a

void in highly electrically stressed insulation is presented. It is based on measuring, for

each apparent discharge level qe, the algebraic sum of the external energy pulses of all

discharges having a value qe and occurring over some cycles of test voltage. Theoretical

investigations show that the results of such external energy summations are equal to the

energies dissipated in the void. A novel histogram is also suggested which relates the

apparent discharge amplitudes with their respective energies in the void. Experimental

tests were carried out under controlled conditions with samples of thermoplastic and
thermosetting dielectric materials. By means of a digital computer-driven instrument, built

in our laboratory, good agreement between theoretical and experimental investigations

has been found. Work is in progress to extend the application area of the above
measurements to complex insulating components.

REVIEWS:

Technology : Partial discharge signal processing

Remarks :

• Theoretical discussion of PD behavior

• Measurements on test cells

• No practical applications are proposed at this stage of the development

Criteria for Aging Assessment :

• None

Application to Cable : Not yet
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NISTIR - 4435

Shaw, M.T.

Natural Versus Artificial Aging of Nuclear Power Plant Components

Electric Power Research Institute, NP-4997, December 1 986.

50 Pages, 25 References

AUTHOR’S ABSTRACT:

f© EPR1 1986, reproduced with permission from the EPRi publication identified above.)

This project concerns the aging of polymeric materials in nuclear reactor containments.

Specifically It is designed to look for differences between the aging processes in the

containment environment and those occurring during accelerated testing as used for

qualification of electrical components. The first phase of the project involved the selection

and acquisition of test specimens, their preparation for placement in the containment, and

the selection of plants and locations for the specimens. In addition, the report describes

the methods for monitoring the radiation and temperature levels at each site, and the plans

for removal and testing of the specimens for degradation in physical properties. Tentative

procedures for the accelerated aging and testing of identical specimens are also outlined.

REVIEWS:

Technology : Natural and accelerated aging

Remarks :

• Tests to be performed on representative cables

• Results might now be obtainable from EPRI with reference to this report, dated 1986

Criteria for Aging Assessment :

• Mechanical characteristics

Application to Cable : Yes (when results are published)
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NISTIR - 4485

Simoni, L.

A New Approach to the Voltage-Endurance Test on Electrical Insulation

IEEE Transactions on Electrical Insulation, Vol. El-8, pp. 76-86, No. 3, September 1973.

1 0 Pages, 27 References

AUTHOR’S ABSTRACT:

(© IEEE 1973, reproduced with permission from the IEEE publication identified above.)

After examining the life-testing theories for both thermal and electrical aging, a new theory,

starting from an extension of the chemical reaction one, is proposed. However, the new
theory is quite different from the latter, because it ignores the aging mechanism,

considering only its effects.

Through this theory, electrical aging is investigated and the fundamental law governing

the time behavior of electrical insulation is derived on the hypothesis that the voltage-life

law has the form of an inverse-power law.

This result suggests a new procedure for the voltage endurance test. Short-time dielectric

strength of specimens, prestressed for different times by an ac voltage of the same value,

is measured and plotted against the aging time. Using this procedure a great deal of

information about the time behavior of insulating materials can be obtained in a short time.

Experimental data, pertinent to plastic insulating materials for medium- and high-voltage

cables, are given in support of the theory. Since the theory proposed is quite general, it

can be extended to the study of aging in other systems subject to degradation.

REVIEWS:

Technology : Endurance with end of life by destructive test

Remarks :

• Not a NDT test.

Criteria for Aging Assessment :

• ac breakdown

Application to Cable : Not for NDT in»situ
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NISTIR - 4485

St. Onge, R.J.

Cable and Electrical Apparatus Monitoring Program at San Onofre Nuclear Generating

Station (SONGS) Unit 1

Proceedings: Workshop on Power Plant Cable Condition Monitoring, EPRI EUNP/CS-59-14-SR, July 1988.

1 1 Pages, 3 References

AUTHOR’S ABSTRACT:

(© EPR1 1988, reproduced with permission from the EPRI publication identified above.)

San Onofre Nuclear Generating Station has developed a systematic approach to cable

condition monitoring and electrical apparatus characterization. The foundation of the

program rests on the utilization of the ECAD System 1000, an Electronic Characterization

and Diagnostic System. Electrical characterization data is efficiently and reliably collected

by the computer controlled data acquisition system and stored for analysis and trending.

REVIEWS:

Technology : ECCAD

Remarks :

• Long term trend monitoring of installed cables in a power plant

• No data presented in the paper, only plans for the program

Criteria for Aging Assessment :

• As obtained from the ECCAD system

Application to Cable: Yes
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NISTIR - 4485

Steiner, J.P. and Martzloff, F.D.

Partial Discharges in Low-Voltage Cables

Conference Record of the 1990 IEEE International Symposium on Electrical Insulation, June 1990.

5 Pages, 5 References

AUTHOR^S ABSTRACT:

f© IEEE 1990, reproduced with permission from the IEEE publication identified above.)

Testing of high voltage apparatus for partial discharges has long been recognized as an

important part of quality control for these devices. Recently, interest has been focused

on methods for testing low voltage cables to determine their Integrity under adverse

operating conditions such as a loss of coolant accident. A new method, utilizing partial

discharges, is presented which has the potential for locating breaches in the insulation of

in situ, low voltage, multi-conductor cables.

REVIEWS:

Technology : Partial discharge detection with signal processing.

Remarks :

• Summary report of a demonstration of the possibility and limitation of applying partial

discharge detection to low-voltage cables.

• See NISTIR 4487, issued concurrently with this bibliography, for a complete report

of the technique.

Criteria for Aging Assessment :

• None

Application to Cable : Yes
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NISTIR - 4485

Steiner, J.P. and Weeks, W.L.

Time-Domain Reflectometry for Monitoring Cable Changes

Electric Power Research Institute, Report EPRI GS-6642, February 1990.

60 Pages, No References

AUTHOR’S ABSTRACT:

f© EPR1 1990, reproduced with permission from the EPRI publication identified above.)

This report presents the results of a preliminary study of the potential of enhanced time

domain reflectometry in the electrical monitoring of cable changes. It was demonstrated

that on both shielded and non-shielded cables, very small stresses can be detected. The

stresses included cable heating, cable compression and bending, and immersion in water.

It was concluded that almost continuous monitoring would be required to identify these

small indicators of cable stress and aging.

REVIEWS:

Technology : Time-Domain Reflectometry Improvements

Remarks :

• The objective of this feasibility study was to demonstrate that an advanced TDR
technique is capable of detecting small changes in the electrical properties of low

voltage cables, particularly non-shielded cables.

• Stresses affected to the cable included heating, compression, bending, burning, and

liquid immersion.

• Results indicate that electrical measurements of the type reported are potentially

useful in cable condition evaluations. However, an extensive program of controlled

testing will be required in order to devise a generally applicable and useful

monitoring system for power plant cables.

• Appendices provide theoretical background on transmission line theory and its

application to TDR, with enhancement by signal processing.

Criteria for Aging Assessment :

• None

Application to Cable : Yes
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NISTIR - 4485

Stone, G.C., Sawyer, D.M., and Gupta, B.K.

Electrical Testing of Generator Station Cables

Proceedings: Workshop on Power Plant Cable Condition Monitoring, EPRI EUNP/CS-5914-SR, July 1988.

7 Pages, 7 References

AUTHOR’S ABSTRACT:

f© EPR1 1988, reproduced with permission from the EPRI publication identified above.)

Tests have been performed at a decommissioned nuclear plant to assess the ability of

electrical diagnostic tests to determine the remaining life of cable insulation. Power and

control cables with either SBR or PVC insulation were tested. These materials are typical

of cables in plants built before 1960. Insulation resistance, capacitance, dissipation factor

and partial discharge activity were not correlated to the dc breakdown voltage of the

cables, which is taken as a measure of insulation condition. Thus It is uncertain if such

tests can be used to predict remaining life, especially if historical data has not been

collected. All the cables had very high dc breakdown voltages, which was consistent with

the generally good physical condition of the cables. Based on this limited study, it seems
that hipot tests may be the only convenient electrical method currently available to assure

the condition of cables in a generating station undergoing life extension. However more
work is needed to determine suitable hipot test voltages.

REVIEWS:

Technology : Conventional insulation tests

Remarks :

• Tests on cable removed from a discontinued plant.

Criteria for Aging Assessment :

• "A variety of AC and DC diagnostic tests"

• DC or AC hipot

Application to Cable : Yes
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NISTIR - 4485

Stonkus, D.J.

Physical Degradation Assessment of Generator Station Cables

Proceedings: Workshop on Power Plant Cable Condition Monitoring, EPRI EUNP/CS-5914-SR, July 1988.

5 Pages, 1 References

AUTHOR’S ABSTRACT;

f© EPR1 1988, reproduced with permission from the EPRI publication identified above.)

Long term reliability assurance and plant life extension studies are being actively pursued

at Ontario Hydro. As cables are considered one of the critical components in a generator

station due to the extreme difficulty and cost of cable replacement, test programs have

been initiated to evaluate the physical degradation of the cables and relate the results to

electrical diagnostic tests and to chemical changes.

REVIEWS:

Technology: Describes results from Oxidation Induction Time tests.

Remarks :

• Reports results on cable samples obtained from a nuclear power plant, under the

actual environment.

• Cites the initiation of a program to relate diagnostic electrical tests to physical

degradation and chemical changes.

Criteria for Aging Assessment :

• Correlation between chemical changes and electrical properties

Application to Cable : Yes
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Stricklett, K.L., Van Brunt, R.J., and Steiner, J.P.

Recent Advances in Partial Discharge Measurement Capabilities at the National Institute

of Standards and Technology

Submitted for publication by IEEE Transactions El-xx, 1991

.

20 Pages, 20 References

AUTHOR’S ABSTRACT:

An advanced real-time partial discharge (PD) measurement system is described which

allows a "complete" characterization of the stochastic properties of partial discharges.

With this system it is possible to measure a set of conditional PD pulse-amplitude and

pulse-time-separation distributions from which memory effects characteristic of the

discharge phenomena can be quantified and interpreted. Examples of results obtained

for pulsating negative discharges in gases are shown. Results obtained from fast

photographic studies of PDs in liquid dielectrics are also discussed. The methods
employed allow simultaneous determination of the current waveform and a photographic

record of the discharge growth in a liquid dielectric. These data provide a detailed

description of the temporal and spatial development of a PD at its inception. A
time-domain reflectometry technique is also described with allows location of P-D pulses

in cables.

REVIEWS:

Technology : Partial discharge

Remarks :

• Memory effects associated with PD

• Detection of PD along a cable (see NISTIR 4487, issued concurrently with this

bibliography, for complete report).

• Photographic detection

Criteria for Aging Assessment :

• None

Application to Cable : Yes, as general principles
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Sugarman, A., Kumar, B., and Sorensen, R.

Condition Monitoring of Nuclear Plant Electrical Equipment

EPRI NP-3357 1707-9

70 Pages, 43 References

AUTHOR’S ABSTRACT:

f© EPRI, reproduced with permission from the EPRI publication identified above.)

This report reviews a special class of surveillance techniques for electrical equipment,

called Condition Monitoring (CM). CM is the use of quantitative indicators in surveillance

procedures to monitor the "health" of equipment. With some development and/or

validation, CM may be applied cost effectively to improve plant reliability and safety in a

nuclear generating station.

Actual examples and potential techniques of CM are described for motors, cables,

transmitters, circuit breakers and solenoids. This review was performed by discussions

with manufacturers of Class 1E equipment, manufacturers of electrical test equipment,

experts at national laboratories and a review of the published literature. A survey of CM
and surveillance techniques was also performed at eight utilities which have or will soon

have operating nuclear generating stations.

REVIEWS:

Technology : Planning for monitoring

Remarks :

• Survey of practices and proposed monitoring programs

Criteria for Aging Assessment :

• Insulation resistance

• Dissipation factor

• Partial discharge

Application to Cable: Yes, for planning purposes
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Sugarman, A.C.

Condition Monitoring of Electrical Equipment in Nuclear Power Plants

IEEE Transactions on Energy Conversion, Vol. EC-1, pp. 1-8, No. 3, September 1986.

AUTHOR’S ABSTRACT:

f© IEEE 1986, reproduced with permission from the IEEE publication identified above.)

Condition monitoring (CM) is a subset of maintenance testing. It is a quantitative,

predictive technique for assessing the effects of all types of aging (environmental, cyclic,

operational, etc.) on the "health" of the equipment. A difference between CM and
maintenance testing is that the latter is neither quantitative (i.e., measures the relative

condition of the component or material as opposed to merely verifying that its condition

is acceptable) nor predictive (I.e., makes judgments on the ability of the component to

perform at a future time).

REVIEWS:

Technology : Review of literature and operating experience

Remarks :

• A review paper, detailed information contained in the EPRI report by Sugarman et

al., included in this bibliography cited under "objective and approach".

Criteria for Aging Assessment:

• Insulation resistance

• Dissipation factor

• Partial discharges

Application to Cable : Yes, for planing
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Takagi, T., YamakoshI, Y., Baba, J., et. al.

A New Algorithm of an Accurate Fault Location for EHV/UHV Transmission Lines:

Part II - Laplace Transform Method

IEEE Transactions on Power Apparatus and Systems, Vol. PAS-101, pp. 564-573, No. 3, March 1983.

8 Pages, 1 Reference

AUTHOR’S ABSTRACT:

f© IEEE 1983, reproduced with permission from the IEEE publication identified above.)

Digital fault location scheme is presented based on the transient analysis of a faulted

network. The theoretical basis is first described using the Laplace transform technique,

and an attempt is made to clear its relation to the Fourier transform scheme. With the

theoretical fault data, location performances are analyzed with regard to system

characteristics. Finally, the study is extended to determine the optimal operator value for

numerical Laplace transform. The proposed scheme will be suitable for implementation

at an integrated digital protection and control system for transmission substations.

REVIEWS:

Technology : Transmission lines

Remarks :

• Theoretical paper dealing with faults, not incident faults or small defects.

Criteria for Aging Assessment :

• None

Application to Cable : No
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Tanaka, T. and Ikeda, Y.

Internal Discharges in Polyethylene with an Artificial Cavity

Paper 71-TP 194-PWR, Insulated Conductors Comm, of lEEE/PES, December 1970.

AUTHOR’S ABSTRACT:

f© IEEE 1971, reproduced with permission from the IEEE publication identified above.)

Internal discharges were studied in a cylindrical cavity. Discharges were found to tend to

be localized or fractionized from the measurements of apparent charge of maximum
discharges, repetition rate of discharge pulses and inner-surface resistivity in cavities and

from the observation on discharges with a microscope. Phenomena of internal discharges

are easily influenced by physical properties of the inner-surface of a cavity, especially the

electrical resistivity to be subject to change due to the discharge themselves.

REVIEWS:

Technology : Partial discharge experiments

Remarks :

• Tests were conducted on artificial cavities made of sheet sandwiches.

• Emphasis is given to explaining variations in the extinction voltage. Can provide

insight into the process of PD, but not test methods.

Criteria for Aging Assessment :

Application to Cable : No
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Timpe, N.B. and Heyer, S.V.

Laboratory and Field Partial-Discharge Studies by a Utility

IEEE Transactions on Electrical Insulation, Vol. El-12, pp. 159-164, No. 2, April 1977.

5 Pages, 2 References

AUTHOR’S ABSTRACT:

f© IEEE 1977, reproduced with permission from the IEEE publication identified above.)

This paper describes partial discharge tests and evaluations made by Philadelphia Electric

Company on solid dielectric extruded cables which were giving unsatisfactory service.

Both theoretical calculations and actual measurements are presented and are related to

the analyses of the causes of poor cable performance.

The practical application of partial discharge measurements in a utility for evaluating cable

condition is discussed. In addition to laboratory work, the paper also includes data

obtained in a successful field test of a short section of cable in a substation yard.

Partial discharge measurements are shown as an informative non-destructive quality test.

REVIEWS:

Technology : Partial discharge

Remarks :

• Most cables found defective in service would, according to the author, have been
detected at the factory by applying a PD test.

• The difficulty of field measurements of PD is recited.

Criteria for Aging Assessment :

• None

Application to Cable : Yes
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Toman, G.J. and Gardner, J.B.

Development of a Nondestructive Cable-Insulation Test

Proceedings: ANS Topical Meeting on "Operability of Nuclear Power Systems in Normal and Adverse
Environments," Albuquerque, NM, October 1986.

8 Pages, 2 References

REVIEWER’S SUMMARY:

This paper describes the basic concept of a nondestructive cable-insulation test for use
in determining that adequate service life and capability to withstand accidents remain in

nuclear power plant cables. The test evaluates mechanical property deterioration, which
precedes electrical deterioration for the types of cables used in nuclear power plants. The
developmental work at the reported stage still uses laboratory test machinery. However,
a specification for the In-situ test device will be developed as part of the program. This

paper describes initial findings from proof-of-principles testing.

REVIEWS:

Technology : Indentation

Remarks :

• First paper reporting laboratory results of indentation - handling -aging correlation

• See 1988 papers by Gardner and Shook

Criteria for Aging Assessment :

• None

Application to Cable : Yes, but more work necessary
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Toman, G.J.

Aging, Deterioration and Failure Modes of Electrical Cables

Proceedings: Workshop on Power Plant Cable Condition Monitoring, EPRI ELINP/CS-5914-SR, July 1988.

8 Pages, 3 References

AUTHOR’S ABSTRACT:

(© EPR1 1988, reproduced with permission from the EPRI publication identified above.)

Power plant cable systems are complex, having many types of electrical cables distributed

through multiple environments. The organic materials used as insulation and jackets are

suitable for long service, but are affected by harsh conditions such as elevated temperature

and nuclear radiation. While relatively few failures have occurred in service, gradual

deterioration of the mechanical properties of the insulation may eventually lead to electrical

failure of low-voltage cables, especially in the presence of moisture. To be able to detect

deterioration that may lead to reduction of cable system reliability, condition monitoring

techniques are desirable, especially for cables that may be in service for 40 or more years.

For cable monitoring to become useful, it must be cost effective so that monitoring is

significantly cheaper than arbitrary replacement at the time of plant life extension.

REVIEWS:

Technology : Review of cable environment; test methods are not described.

Remarks :

• Provides background on the aging mechanisms leading to cable failure.

• A list is given of desirable attributes of a cable monitoring program, "...not to

eliminate any type of test but to show some of the concepts that should be

considered...".

Criteria for Aging Assessment :

• None

Application to Cable : Yes, for planning
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Tripier, J.L., Maurin, P., and Lefevre, D.

New Trends in Interpretation of Partial Discharge Measurements

Conference Record of the 1990 IEEE International Symposium on Electrical Insulation, June 1990.

4 Pages, 0 References

AUTHOR’S ABSTRACT:

f© IEEE 1990, reproduced with permission from the IEEE publication identified above.)

A muitj-channel numerical system for the measurement of partial discharges has been

developed in order to improve the ability to identify PD sources and to seek new criteria

for PD harmfulness. This system is being used during the testing of the following actual

equipments or large-scale representative models: large alternators, HV and MV
switchgear, transformers, and on-board power electronic systems.

REVIEWS:

Technology : Partial discharge

Remarks :

• Describes instrument designed for large electrical apparatus rather than cables

• Real-time acquisition and off-line processing

Criteria for Aging Assessment :

• None applicable to cable

Application to Cable : No
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Vahlstron, W., Jr.

Investigation of Insulation Deterioration in 15 kV and 22 kV Polyethylene Cables Removed From Sen/ice

Paper 71 C 42-PWR, Insulated Conductors Comm, of IEEE Power Engineering Society, June 1 971

.

AUTHOR’S ABSTRACT:

f© IEEE 1971, reproduced with permission from the IEEE publication identified above.)

This paper reports the results of extensive examination of 1 5 kV and 22 kV polyethylene

insulated cables which had been in service for periods of time ranging from less than one

year to eight years. Evidence of treeing and related insulation deterioration at normal

operating voltage is presented. The investigation is continuing and more data is required

before conclusions can be drawn regarding the extent and severity of polyethylene

insulation deterioration.

REVIEWS:

Technology : Examination for trees

Remarks :

• Paper describes dissection of naturally aged cable samples.

• No electrical tests are reported.

Criteria for Aging Assessment:

• None

Application to Cable : Not for In situ tests
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Van Brunt, R.J. and Kuikarni, S.V.

New Method for Measuring the Stochastic Properties of Corona and Partial Discharge

Pulses

Conference Record of the 1988 IEEE International Symposium on Electrical Insulation, June 1 988.

12 Pages, 23 References

AUTHOR’S ABSTRACT:

f© IEEE 1988, reproduced with permission from the IEEE publication identified above.)

A new computer based method for measuring the stochastic properties of corona and

partial discharge pulses is described. The method allows direct measurement of a set of

conditional probability distributions that reveal correlations among successive pulse

amplitudes, pulse time separations, and between pulse amplitudes and time separations.

Application of the method to an investigation of ultra-violet sustained negative-corona

(Trichel) pulses in air has shown the existence of strong correlations between pulse

amplitudes and subsequent pulse time intervals as well as between amplitudes of

successive pulses. The observed correlations are consistent with existing models for

Trichel-pulse formation.

REVIEWS:

Technology : Partial discharge theory and instrumentation

Remarks :

• Provides theoretical description of the stochastic aspects of partial discharge in

inter-electrode gas.

• Signal processing performed in real time to determine conditional probability

distribution.

Criteria for Aging Assessment :

• None

Application to Cable: Not directly
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Van Brunt, R.J. and Kulkarni, S.V.

Method for Measuring the Stochastic Properties of Corona and Partial-Discharge Pulses

Rev. Sci. Instrum. 60(9), September 1989.

5 Pages, 9 References

AUTHOR’S ABSTRACT:

A new method is described for measuring the stochastic behavior of corona and
partial-discharge pulses which utilizes a pulse selection and sorting circuit in conjunction

with a computer-controlled multichannel analyzer to directly measure various conditional

and unconditional pulse-height and pulse-time-separation distributions. From these

measured distributions it is possible to determine the degree of correlation between

successive discharge pulses. Examples are given of results obtained from measurements
on negative, point-to-plane (Trichel-type) corona pulses in a N2/O2 gas mixture which

clearly demonstrate that the phenomenon is inherently stochastic in the sense that

development of a discharge puise is significantly affected by the amplitude of and time

separation from the preceding pulse. It is found, for example, that corona discharge pulse

amplitude and time separation from an earlier pulse are not independent random variables.

Discussions are given about the limitations of the method, sources of error, and data

analysis procedures required to determine self-consistency of the various measured
distributions.

REVIEWS:

Technology : Partial discharge theory and instrumentation

Remarks :

• Provides theoretical description of the stochastic aspects of partial discharge in

inter-electrode gas.

• Signal processing performed in real time to determine conditional probability

distribution.

Criteria for Aging Assessment:

• None

Application to Cable : Not directly
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Van Brunt, R.J. and Kulkarni, S.V.

Stochastic properties of Trichel-pulse corona: A non-Markovian random point process

Physical Review A, Vol. 42, No. 8, October 1990.

25 Pages, 62 References (no titles)

AUTHOR’S ABSTRACT:

The stochastic properties of negative, point-to-plane, Trichel-pulse corona discharges are

completely characterized in terms of a set of measured conditional and unconditional

discharge pulse-amplitude and pulse-time-separation distributions. The Trichel-pulse

phenomenon Is shown to be a clear example of a non-Markovian, marked random point

process in which memory effects play an important role. Strong correlations are shown
to exist among the amplitudes and time separations of successive discharge pulses that

indicate how initiation and growth of a discharge pulse are affected by the presence of

residual ion space charge and metastable species from previous pulses. The analysis

required to access consistency among the various measured probability distributions is

discussed and used to interpret observed variations in distribution profiles. Because of

the observed dependence of discharge pulse amplitude on both the amplitude of and time

separation from the previous pulse, memory can propagate indefinitely back in time. The
experimental limitations to verifying the extent of memory propagation are analyzed.

REVIEWS:

Technology : Partial discharge

Remarks :

• Theory of partial discharges and experimental data from gaps.

Criteria for Aging Assessment :

• None

Application to Cable : Not directly
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van Roggen, A.

An Overview of Dielectric Measurennents

IEEE Transactions on Electrical Insulation, Vol. 25, no. 1, February 1990.

1 2 Pages, 55 References

AUTHOR’S ABSTRACT:

f© IEEE 1990, reproduced with permission from the IEEE publication identified above.)

Approximately 25 years ago, commercial electronic instruments were brought on the

market that heralded a new era in dielectric measurements: this electronic era is now
rapidly drawing to a close, and is on the verge of being eclipsed by an era that could be

called ’intelligent instruments’. In this paper, the development of dielectric measurement
technology before and after the founding of the DEIS will be discussed, with the main

emphasis on measurement of permittivity and related matters in the lower range of

frequencies. Attention will be given also to the interpretation of the results, and the

instrumental errors that may occur.

REVIEWS:

Technology : Review of instrumentation development

Remarks :

• General discussion of instrumentation

Criteria for Aging assessment :

• None

Application to Cable : Not directly
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Vora, J.P.

Nuclear Plant Aging Research - An Overview (Electrical and Mechanical Components)

Office of Nuclear Regulatory Research - U.S. Nuclear Regulatory Commission.

8 Pages, 3 References

AUTHOR’S ABSTRACT:

To identify and characterize aging and service wear effects associated with electrical and
mechanical components, interfaces, and systems whose failure could impair plant safety.

To identify and recommend methods of inspection, surveillance and condition monitoring

of electrical and mechanical components and systems which will be effective in detecting

significant aging effects prior to loss of safety function so that timely maintenance and
repair or replacement can be Implemented.

To identify and recommend acceptable maintenance practices which can be undertaken

to mitigate the effects of aging and to diminish the rate and extent of degradation caused

by aging and service wear.

REVIEWS:

Technology : Aging research

Remarks :

• A programmatic description of the Nuclear Plant Aging Research (NPAR) program
providing perspective of the overall program.

• Refer to the two Jacobs papers (published by IEEE, cited in this bibliography) for

additional information on the program.

Criteria for Aging Assessment :

• None

Application to Cable : Yes, for program information
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Weber, H.J., Seeberger, R.E., and Stoipe, G.

Field Measurements of Partial Discharges in Potential Transformers

IEEE Electrical Insulation Magazine, Vol. 2, No. 5, September 1986.

5 Pages, 1 References

AUTHOR’S ABSTRACT:

(© IEEE 1986, reproduced with permission from the IEEE publication identified above.)

The Research Commission of the Swiss Electrotechnical Society and Swiss Utility

Companies for High Voltage Problems (FHK) together with the High Voltage Laboratory

of the Swiss Federal Institute of Technology (Prof. Dr. W. S. Zaengl) and TETTEX a

manufacturer of insulation measuring instruments have been successful in adapting

existing instrumentation for in situ testing. The findings of their cooperative efforts are

presented.

REVIEWS:

Technology : Partial discharge

Remarks :

• Noise discrimination obtained by testing simultaneously two identical samples.

• In situ tests identify those samples that exhibit unacceptable levels of PD

Criteria for Aging Assessment :

• None

Application to Cable : No
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Weeks, W.L. and Steiner, J.P.

Detection and Location of Incipient Faults on Power Cables

U.S. Department of Energy, DOEIET29154-1, February 1981.

1 1 8 Pages, No References

AUTHOR’S ABSTRACT:

This report reviews the basic concepts, applications, operating strategies and specific

instrumentation for the detection and location of incipient faults In power cables by the

processing of the electromagnetic noise at the power cable terminals. It also presents the

details and test results of two instruments which were developed for the purpose.

Tests on a length of 1 5 kV class distribution cable with staged incipient faults are described

which show that the instrumentation is capable of detecting and locating partial discharge

noise sources on the cable with interesting precision.

REVIEWS:

Technology : Correlation of partial discharges in cables

Remarks :

• A detailed report of the work conducted at Purdue University, the basis for the 1984

IEEE paper.

• Contains description of real-time correlator as well as microprocessor-controlled

correlator of polarity-coded bits.

Criteria for Aging Assessment :

• None

Appifcatfon tQ Cable : Yes
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Weeks, W.L. and Steiner, J.P.

Instrumentation for the Detection and Location of Incipient Faults on Power Cables

IEEE Transactions on Power Apparatus and Systems, Vol. PAS-101, pp. 2328-2335, No. 7, July 1982.

7 Pages, No References

AUTHOR’S ABSTRACT:

f© IEEE 1982, reproduced with permission from the IEEE publication Identified above.)

A description is given of the instrumentation being developed for the detection and location

of incipient faults in power cables by the processing of the electromagnetic noise that

appears at the power cable terminals. After a discussion of the basic concept, which

involves a correlation technique, the implementation of the concept in the form of a

microprocessor controlled, polarity coincidence type of correlator is described. Tests

results of the instrument with various types of noise sources are given. These include tests

on a length of 15 kV class underground distribution cable with staged incipient faults.

Some of these tests show that the instrumentation is capable of detecting and locating

partial discharge noise on the cable with interesting precision.

REVIEWS:

Partial discharge and correlation

Remarks :

• First progress report (see follow-up paper of 1985).

• As described, requires access to both ends of cable.

• Measurements can be conducted at voltages below operating voltage.

(Editor’s Note: This conclusion was found not applicable to low-voltage cables - see NISTIR-4487)

Criteria for Aging Assessment:

• None

Application to Cable : Yes
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Weeks, W.L. and Steiner, J.P.

Improvement in the Instrumentation for Partial Discharge Location in Cables

IEEE Transactions on Power Apparatus and Systems, Vol. PAS-104, pp. 754-760, No. 4, April 1985.

7 Pages

AUTHOR’S ABSTRACT:

(© IEEE 1985, reproduced with permission from the IEEE publication identified above.)

An instrument for detecting and locating partial discharges on power cables has been

developed. This paper describes some recent improvements that have been

« incorporated. It also presents new experimental data which showthat low level discharges

on cables the length of full reels can be located. Documentation is also included which

shows that it is possible to locate each of more than one simultaneously operating sources

of noise on a cable.

REVIEWS:

Technology : Partial discharge and data processing

Remarks :

• A follow up on the original Weeks paper, including several improvements: location of

the sites of discharges is demonstrated, even with several sites along the cable, for

full length reels of cable.

• The lowest voltage at which this method may be applicable is not stated, the test

specimen cited being "15 kV class" cables.

• According to the Anderson et al. paper, this equipment was indeed demonstrated

but further use aborted due to funding cut-off.

• See NISTIR 4487, issued concurrently with this report, for implementation of this

approach.

Criteria for Aging Assessment:

• None

Application to Cable : Yes
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Weeks, W.L and Steiner, J.P.

Electrical Monitoring for Cable Changes

Proceedings: Workshop on Power Plant Cable Condition Monitoring, EPRI EL/NP/CS-5914-SR, July 1988.

8 Pages, 0 References

AUTHOR’S ABSTRACT:

f© EPR1 1988, reproduced with permission from the EPRI publication identified above.)

This paper outlines procedures and instrumentation for monitoring for changes in shielded

cable installations (indicative of cable condition). The motivation and application is to

operational reliability and maintenance planning. The methods considered are

nondestructive and nondisruptive and are applicable to different types of cable runs. It is

suggested that one basic instrument could be useful for both the observation of and the

location of changes in the electrical characteristics of the cable and also for noting the

level of and location of the source of unusual electrical noise, including that associated

with partial discharge.

REVIEWS:

Technology : Partial discharge with signal processing

Remarks :

• Broad perspective description of method

• Proposal for a continuous, on-situ monitoring, not yet implemented

Criteria for Aging Assessment:

• None, except possible detection of point defects

Application to Cable : Yes
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Wieringa, L.

Location of Small Discharges in Plastics Insulated High Voltage Cables

IEEE Transactions on Power Apparatus and Systems, Vol. PAS-104, pp. 2-8, No. 1 ,
January 1985.

6 Pages, 1 1 References

AUTHOR’S ABSTRACT:

(© IEEE 1985, reproduced with permission from the IEEE publication identified above.)

This paper describes a non-destructive measuring method to locate small discharges in

shielded plastics insulated high voltage cables. The sensitivity is so high that even

discharges less than 5 pC can be located in long lengths of cable (1000 m).

For these expensive cables this method can be used to reduce scrap and speed up
production. It far exceeds other methods in speed and cost, such as (1 )

cutting the cable

in two lengths to isolate the defect, and (2) re-processing the cable to locate a defect where

additional damage can be inflicted. It has the advantage that finished cables can be

examined for location.

REVIEWS:

Technology : Partial discharge combined with TDR

Remarks :

• Presented as a factory test, not in-situ field assessment

Criteria for Aging Assessment:

« None

Application to Cable : Yes, but not in-situ
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WIntenberg, A.L., Blalock, T.V., and Pace, M.O.

High-Bandwidth Measurement of Low-Level Prebreakdown Currents in Liquid Dielectrics

Conference Record of the 1990 IEEE International Symposium on Electrical Insulation, June 1990.

4 Pages. 10 References

AUTHOR’S ABSTRACT:

IEEE 1990, reproduced with permission from the IEEE publication identified above.)

The development of a measurement system optimized for making low-noise,

high-bandwidth measurements of prebreakdown currents in liquid dielectrics under dc

stress is summarized. Waveform reconstruction software is used to quadruple the

effective sampling rate from 5 ns per point to 1.25 ns per point. This does not increase

the bandwidth, but provides a better representation of the high-frequency components of

the digitized waveform than simple linear interpolation does.

Prebreakdown currents were measured in hexane using a point-plane electrode geometry
with the needle connected to the preamplifier input and either positive or negative high

voltage applied to the plane. For a pulse with 8 ns fwhm and minimum amplitude, the

corresponding minimum detectable charge is 2.4 fC.

REVIEWS:

Technology: Pre-breakdown measurements

Remarks :

• Measurement of breakdown in liquid using signal processing that may be applicable

to partial discharge signal processing.

Criteria for Aging Assessment:

• None

Application to Cable : Not directly
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Xie, H. and Kao, K.C.

Further Studies of Anomalous Phenomena in Dielectric Loss Measurements Using a

Three-Electrode System

IEEE Transactions on Electrical Insulation, Vol. El-21, pp. 31-39, No. 21, February 1982.

9 Pages, 4 References

AUTHOR’S ABSTRACT:

(© IEEE 1982, reproduced with permission from the IEEE publication identified above.)

Further theoretical analyses show that it is the physical parameters of the guard gap region

which give rise to the anomalous phenomena observed in dielectric loss measurements
using a three-electrode system. A Wagner or similar guard balance, which is generally

used to make the potentials at the guard and the guarded electrodes identical in magnitude

and in phase, may reduce the errors caused by the bridge balance conditions, but cannot

alter the physical parameters inherent in the guard gap region. An interfacial dielectric

layer such as vaseline between the test sample surfaces and the electrodes enhances the

anomalous phenomena under certain conditions. The potential along the guard gap
surface varies from point to point although the potentials at the guard and the guarded

electrodes are equal in magnitude and in phase. It is the nonuniform field distribution in

the guard gap region which results in electrical discharges at the sharp edges of the guard

and the guarded electrodes. Experimental results are in good agreement with the

theoretical analyses. Methods for suppressing these anomalous effects also are

discussed.

REVIEWS:

Technology : Dielectric loss measurement

Remarks :

• Refinement of experimental technique on small samples to correct fringe effects at

guard electrode.

Criteria for Aging Assessment:

• None

Application to Cable : No
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